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(57) r In accordance with this invention there is 
provided a group of hybrid, third generation, 
plasminogen activators containing plural polypeptide 
kringles; at least one of said kringles being 
heterologous and at least one being homologous, 
adjacent homologous and heterologous kringles being 
separated by an amino acid linker sequence. The 
polypeptides of this invention contain from 2 to 6 or 
more kringles eg 3 or 4 kringles. Sy heterologous 
kringles as used herein and in the claims applicants 
mean the polypeptide product
contains at least one kringle corresponding bo that 
found in a different, naturally-occurring source or any 
additional kringle structure common to and in addition 
to those found in a native plasminogen activator. It 
is understood that where a common kringle structure is 
to be added to a native plaminogen activator to produce
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the hybrid plasminogen activators of this invention, 
the DNA is chemically synthesised and the DNA codon 
usage for production of that common kringle must differ 
from that found in the DNA coding sequence for the 
native plasminogen activator to avoid recombination 
(looping out) while generating the desired amino 
acid sequence of the native kringle. The
kringles present in the hybrid plasminogen activators of 
this invention, although separately sharing areas of 
homology, are heterologous in nature and as a result 
thereof, the plasminogen activators of this invention 
differ in their kringle combination from any found in 
native plasminogen activators, either in amino acid 
sequence, number and/or size. In addition, this invention 
provides the genes coding for the hybrid plasminogen 
activators and key fragments thereof, expression vectors 
for DNA production of the complete polypeptides as well 
as key fragments thereof, microorganisms or cell cultures 
transformed with the expression vectors, compositions 
comprising the plasminogen activators and a method for 
using the hybrid plasminogen activators.

. A kringle is a triple looped polypeptide structure 
formed by three disulfide bonds. Kringles vary in 
length from about 79 to 82 amino acid groups. A high 
degree of sequence homology is shared among the single 
kringle of human urokinase (Gunzler et al., Hoppe-Seyler's 
Z. Physiol. Chem. 363.* 1 155, 1982), the two kringles of 
human tissue plasminogen activator (Pennica, et al.
Nature, 301, 214, 1983), the two kringles of human prothrom­
bin (Walz et al. , Proc. N&fc'l. Acad. Sci. USA., 74,, 1969,
1*977), and the five kringes of human plasminogen 
(Sottrup-Jensen et al., in Progress in Chemical Fibrinolysis 
and Thrombolysis (eds. Davidson et al), 3., 191 , 1978). The 
relative positions of the six cysteins Involved in the 
intra-kringle disulfide bridges are conserved in all 
kringlais. The term, kringle(s) used herein..and in the claims 
may be taken to mean any of such structure^) in the above
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mentioned proteins. It is also understood that polymorphic 
forms in the kringle region of these proteins may exist in 
nature where one or more amino acids may be added, deleted 
or substituted. Similar changes in a protein may also be 
brought about in vitro with the advent of the present day 
technology of point mutation of the gene or by chemical 
synthesis of the gene with any desired sequence. These 
modified structure(s) are therefore also included in th© 
term, kringle(s), used in this application.

Preferably the polykringle plasminogen activator 
comprises the two kringles of t-PA, i.e. the polypeptide 
dequence corresponding to the amino acid sequence 92 to 
261 of t-PA. Other useful kringle portions are amino 
acid sequences 1 to 261 t-PA? 92 to 527 of t-PA;
1 to 131 of urokinase, 50 to 131 of urokinase? 65 to 248 
of prothrombin.

Claim

1. A hybrid plasminogen activator containing plural 
polypeptide kringles, at least one of said kringles 
being heterologous and at least one being homologous; 
adjacent homologous and heterologous kringles being 
separated by-an amino acid linker sequence.

6. A plasminogen activator according to any one of 
Claims 1 to 4 containing a polypeptide sequence 
corresponding to one of the following amino acid 
sequences:1 to 261 of t-PA,

92 to 527 of t-PA,

1 to 131 of urokinase,

50 to 131 of urokinase, or 65 to 248 of prothrombin.
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17. A process for preparing a plasminogen activator 
according to any one of Claims 1 to 12 which comprises 
constructing by recombinant DNA techniques, a
replicable expression vector containing the DNA 
sequence encoding for said hybrid plasminogen 
activator, transforming suitable host cells to 
introduce said expression vector and obtain transformed 
host cells, culturing said transformants to express 
said hybrid plasminogen activator and recovering said 
hybrid plasminogen activator.
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This invention relates to plasminogen activators, 
more particularly to polykringle plasminogen activators 
to the means and methods for preparing such activators 
and to compositions containing them and to methods of 
using them.

Plasminogen activators are a class of serine 
proteases that convert plasminogen into plasmin. Plasmin 
degrades the fibrin matrix of blood clots, thereby 
restoring the hemodynamic condition of an open vascular 
system after an internal vascular accident has produced 
thrombosis or thromboembolism. Vascular disease states 
involving partial or total blockage of blood vessels which 
are amenable to treatment with plasminogen activators 
include stroke, pulmonary Embolism, myocardial infarction, 
as well as deep vein and peripheral artery obstructions.

There are two immunologically distinct types of
plasminogen activators found in human plasma and other
body fluids - the urokinase-type plasminogen activator
(u-PA; M 55,000) and the tissue-type plasminogen 30,

20

25

30

The activity of the 
tissue-type plasminogen activator is potentiated by 
fibrin. The enzyme acts at the site of a thrombus and 
demonstrates a higher affinity for fibrin than does the 
urokinase-type plasminogen activator (Haylaeris et al.,
J. Biol. Chem., 257, 2912, 1982). Therefore, the tissue- 
type plasminogen activator is considered to be the 
physiologically relevant thrombolytic agent.

Both activators, u-PA and t-PA, share the following 
common features: 1) they are synthesised as single 
chain proenzymes which can be cleaved by plasmin or 
trypsin, without disrupting their disulfide linked two- 
chain molecular structure. Upon reduction, each plasminogen 
activator breaks down into a heavy and a light chain 
(Mr 33,000 for u-PA; M 35,000 for t-PA); 2) both 
enzymes are serine proteases which can be inactivated by

activator (t-PA; M 68,000 30 !

35
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serine-specific reagents such as diisopropyl fluorophos
phate; and 3) both enzymes contain a triple disulfide-
linked sequence of amino acids which form a loop or
kringle in the molecule. Urokinase plasminogen
activator has a single kringle. Tissue plasminogen
activator has two kringles connected by a hexapeptide
linker sequence. These kringles are believed to be
responsible for binding of the enzymes to fibrin s’
(Thorsen, Biochem. Biophys. Acta., 393, 55, 1975). t fe < n » 9 » sThe DNA sequence analysis and the amino acid ’

V Ο ύ

sequence of t-PA is disclosed by Pennica et al■, o ··“
Nature, 301, 21 4 , ( 1 983 ), Ny et el., Proc. Natl. Acad. .
Sci. USA 81 5355 (1984) and European Patent Application 
93, 619 to Genentech Inc. The DNA sequence analysis ·'
and the amino acid sequence of u-PA is disclosed in
European Paptent Application 92, 182 to Genentech In.
and urokinase cDNA is discussed by Verde et al., Proc. o
Natl. Acad. Sci. USA 8_1_ 4727 ( 1 984 ). '»·“ $> eIn accordance with this invention there is ·«»«»«.
provided a group of hybrid, third generation, ’...I.

plasminogen activators containing plural polypeptide ’
kringles; at least one of said kringles being ,
heterologous and at least one being homologous,
adjacent homologous and heterologous kringles being
seperated by an amino acid linker sequence. The
polypeptides of this invention contain from 2 to 6 or
more kringles eg 3 or 4 kringles. By heterologous
kringles as used herein and in the claims applicants
mean the polypeptide product

i
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contains at least one kringle corresponding to that
found in a different, naturally-occurring source or any
additional kringle structure common to and in addition
to those found in a native plasminogen activator. It
is understood that where a common kringle structure is
to be added to a native plaminogen activator to produce
the hybrid plasminogen activators of this invention,
the DNA is chemically synthesised and the DNA codon , ,

B » B & fc tt

usage for production of that common kringle must differ * 
from, that found m the DNA coding sequence for the 0 01
native plasminogen activator to avoid recombination ., 0
(looping out) while generating the desired amino /, 0 r< '.jacLd sequence of the native kringle. The
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kringles present in the hybrid plasminogen activators of
this invention, although separately sharing areas of
homology, are heterologous in nature and as a result
thereof, the plasminogen activators of this invention
differ in their kringle combination from any found in
native plasminogen activators, either in amino acid
sequence, number and/or size. In addition, this invention
provides the genes coding for the hybrid plasminogen
activators and key fragments thereof, expression vectors
for DNA production of the complete polypeptides as well
as key fragments thereof, microorganisms or cell cultures
transformed with the expression vectors, compositions
comprising the plasminogen activators and a method for ί
using the hybrid plasminogen activators. ;<

. A kringle is a triple looped polypeptide structure 
formed by three disulfide bonds. Kringles vary in <length from about 79 to 82 amino acid groups. A high ‘
degree of sequence homology is shared among the single 
kringle of human urokinase (Gunzler et al., Hoppe-Seyler's 
Z. Physiol. Chem. 363, 1155, 1982), the two kringles of 
human tissue plasminogen activator (Pennica, et al.
Nature, 301, 214, 1983), the two kringles of human prothrom­
bin (Walz et al.,Proc. Nat'l. Acad. Sci. USA., 74 , 1 969 ,
1977), and the five kringes of human plasminogen 
(Sottrup-Jensen et al., in Progress in Chemical Fibrinolysis 
and Thrombolysis (eds. Davidson et al), 1978). The
relative positions of the six cysteins involved in the 
intra-kringle disulfide bridges are conserved in all 
kringles. The term, kringle(s) used herein.-and in the claims 
may be taken to mean any of such structure(s) in the above 
mentioned proteins. It is also understood that polymorphic 
forms in the kringle region of these proteins may exist in 
nature where one or more amino acids may be added, deleted 
or substituted. Similar changes in a protein may also be 
brought about in vitro with the advent of the present day 
technology of point mutation of the gene or by chemical

t
\
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synthesis of the gene with any desired sequence. These 
modified structure(s) are therefore also included in the 
term, kringle(s), used in this application.

Preferably the polykringle plasminogen activator 
5 comprises the two kringles of t-PA, i.e. the polypeptide

dequence corresponding to the amino acid sequence 92 to 
261 of t-PA. Other useful kringle portions are amino 
acid sequences 1 to 261 t-PA; 92 to 527 of t-PA;
1 to 131 of urokinase, 50 to 131 of urokinase; 65 to 248

10 of prothrombin.

The following description specifically illustrates the 
production of a, tris-kringle plasminogen
activator, as well as a tetra-kringle plasminogen activator.
The methods employed are representative of those applicable

15 to the production of the other polypeptides of this invention ./W
Ο β <5

Tris-kringle as used herein and in the claims means a triple feriiigle
5 C si

. £ 0 « O

The tris-kringle plasminogen activators of this 
invention, as constructed by recombinant DNA techniques from 
appropriate genetic coding sequences of urokinase and

20 t-PA clones, offer the advantages of increased stability, 
increased binding affinity for fibrin and improved half- 
life in vivo when compared to either of the native 
plasminogen activators. These properties of the tris- 
kringle plasminogen activators provide improved biological

25 potency and improved shelf life. The tris-kringle-PA 
molecule is easier to handle during production and 
purification than native t-PA because the latter polypeptide, 
as found in culture fluids and various purification stages, 
is accompanied by low molecular weight, heavy and light

30 chain fragments. The tetra-kringle plasminogen activator 
as well as the other poly-kringle plasminogen activators 
share these properties.

The tris-kringle plasminogen activator of this
invention is constructed by combining the N-terminal portion
of urokinase through its single kringle region with that

Ί

I
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portion of t-PA beginning at or before the beginning of 
the double kringle via a suitable linker. The single 
kringle of urokinase is known to precede the glycine residue 
at amino acid position number 131. The double kringle

5 of t-PA is known to begin at the cysteine following a 
threonine residue at position number 91. Thus, the 
N-terminal portion of urokinase terminated at the glycine 
residue at number 131 is joined, optionally through a 
suitable linker mimicking the hexapeptide link between the

10 two kringles of t-PA, to a t-PA molecule from which the 
first 91 N-terminal amino acids have been deleted. The 
resulting hybrid molecule is larger than t-PA by 46 amino 
acid residues providing a protein of about 73,000 M.W. (t-PA 
has a molecular weight of 68,000) depending upon the

15 specific linker employed. Similarly, the single kringle 
of urozinase (UKKaa50-131), in conjunction with a kringle 
linker, is inserted into the t-PA polymer between amino 
acids 91-92 or 261-262 to afford two different genes for 
production of tris-kringle plasminogen activators.

20 Similarly, and by standard technigues, the u-PA kringle may 
be inserted, with appropriate linkers, between the two 
t-PA kringles. In addition, the kringles found in plasminogen or 
prothrombin may be isolated and inserted in any of the 
position of t-PA mentioned above. The construction of any

25 of the poly-kringle plasminogen activators of this invention 
follows the same basic plan of isolating single or double 
kringle region from the protein mentioned and inserting 
them into the backbone of the t-PA molecule.

Kringle linkers employed in this invention may have
30 6 to 20 amino acid moieties,preferably 6 to 10, e.g. 

L-Ser-L-Glu-Gly-L-Asn-L-Ser-L-Asp, or L-Thr-L-Asp-L- 
Ala-L-Glu-L-Thr-L-Glu or combinations of such amino acids.

The kringle linkers employed to join the single 
kringle portion of urokinase (UKK) to the double kringle 
region of t-PA (t-PKl and t-PK2) is a polypeptide 
containing 6 to 10 natural amino acid moieties. Preferably
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the kringle linker is selected to maintain a similar spatial 
arrangement to that which exists between the two kringles of 
t-PA. As such, the preferred linker is L-Ser-L-Glu-Gly-L-Asn-L-Ser-L- 
Asp because it is identical to that joining t-PK1 to t-PK2 in t-PA.

5 However, the hexapeptide L-Thr-L-Asp-L-Ala-L-Glu-L-Thr-L-Glu 
represents another applicable hexapeptide linker and any 
combination of L-Ala, Gly, L-Ser, L-Glu, L-Thr and L-Asp 
may be employed on the N-terminal or C-terminal ends of the 
hexapeptide linker to provide a more open structure as a hepta- ,

10 octa-, nona- or decapeptide link between the t-PA kringles and 
the UK kringle. Other linkers will be obvious to the chemist.
For simplicity, the kringle linker specifically mentioned throughout 
the rest of this application is limited to the preferred linker · 
referred to above.

15 The tris-kringle plasminagen activators are produced by
limited digestion of urokinase and t-PA coding sequences with selected 
restriction enzymes to afford the desired u-PA and t-PA fragments.
The fragments are isolated by fractionation on agarose or acrylamide 
gels, ligated together and introduced into an appropriate vector

20 or vectors for cloning and subsequent expression.
Plasminogen activators produced by this invention include

91(PTK65-248 Ser-Glu-Gly-Asn-Ser-Asp)-92-t-PA;
1-131 1-91 50-131. (UKaa -Kringlelinker) t-PA; 91-(UKaa3 - kringle linker) -

92t-PA; 261-(Kringlelinker - UKaa88 ^) 262 t-PA in which the Kringle-
25 linker is a polypeptide moiety containing 6 to 10 natural amino acids 

e.g. Ser-Glu-Gly-Asn-Ser-Asp.
This invention provides a process for preparing a plasminogen 

activator having plural heterologous kringles culturing a host cell 
which has been transformed with recombinant DNA coding for said

30 plasminogen activator. Also provided by this invention is a process 
for preparing said polykringle

I
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plasminogen activators which comprises constructing by 
recombinant DNA techniques, a replicable expression vector 
containing the DNA sequence encoding for said hybrid 
plasminogen activator, transforming suitable host cells

5 to introduce said expression vector and obtain transformed 
host cells, culturing said transformants to express said 
hybrid plasminogen activator and recovering said
hybrid plasminogen activator.

Description of the Drawings

Λ

f

j■, 1
i i

3

)

10 Figure 1 presents schematic configurational drawings
of three triskringle plasminogen activators and one 
tetra-kringle plasminogen activator produced by the methods 
disclosed in this application. The darkened portion of 
the depicted structures 1 (a-c) defines that portion of

15 urokinase containing the urokinase kringle (UKK).

The darkened portion of structure 
1(d) defines the double kringle region of prothrombin 
(PTK1 and PTK2). The abbreviations tPK1 and tPK2 define 
the tissue plasminogen activator kringle 1 and 2,

20 respectively.
Figure 2 depicts the restriction map of tissue 

plasminogen activator recombinant clone pWP-42.
Figure 3 presents the technique followed in 

production of plasmid ptPBM-1 from pWP-42. ptPBM-1 contains
25 the genetic information needed to produce the complete 

t-PA molecule.
Figure 4 presents the technique followed in production 

of plasmid pUKBM from plasmid pUK-53. pUKBM contains the 
genetic information needed to produce the complete 
urokinase protein.

Figure 5 presents a flow diagram of the method
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Π followed to produce the gene coding for the tris-kringle; ‘i
h product depicted in Figure 1(a).a ■
Ff Figure 6 presents a flow diagram of the method
r>, ' followed to produce the gene coding for amino acids 51-131
' f 51-13 15 of urokinase (u-PA ).
J:?

jj Figure 7 presents a flow diagram of the method
j) followed to produce the gene coding for the tris-kringle
u product depicted in Figure 1(b).

I

j

jj

t
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Figure 8 presents a flow diagram of the method followed to produce 

the gene coding for the tris-kringle product depicted in Figure 1(e).

Figure 9 presents the DNA sequence of the gene coding for the 

product of figure 1(a) with reference to the urokinase signal peptide region (20

5 amino acids), the UKK region (amino acids 1-131 of urokinase), the hexapeptide 

linker and the remaining portion of the t-PA molecule (amino acids 92-527).

Figure 10 presents the DNA sequence of the gene coding for the 

product of Figure Kb) with reference to the t-PA signal peptide (35 amino acids) 

the N-terminal portion of t-PA (amino acids 1-91), the UKK (amino aelds 50-131 

10 of urokinase), the hoxapeptide linker and tho C-termlnal portion of t-PA (amino

acids 92-527). ·

Figure 11 presents the DNA sequence of the gene coding for the 

produet of Figure 1(c) with reference to the t-PA signal peptide (35 amino acids), 

the N-terminal portion of t-PA (amino acids 1-201), the hoxapeptide linker, the

15 UKK (amino acids 50-131 of urokinase) and the C-termlnal portion of t-PA 

(amino acids 262-527).

Figure 12 presents a flow diagram of the method followed to produce 

the gene coding for the double kringle region of prothrombin.

Figure 13 presents a flow diagram of the method followed in 

20 producing tho gene coding for the tetra-krlngle product depleted in Figure 1(d).

Figure 14 presents a BPV-I based expression vector system designed 

for expression of plasminogen activator Hybrid A (corresponding to Fig. 1(a)) and 

Hybrid B (corresponding to Fig. 1(b)) genes In mammalian cell line C-127 

(mouse). The genes to be expressed, are Inserted between the mouse metallo-

25 thloneln transcriptional promoter element and the SV40 early region transcrip­

tional processing signals.
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Figure 15(a) presents screening of PA-producing cells or foci on a 

fibrin agar plate by applying 10 μΐ of culture medium per well and incubating at 

37°C till clear zones around the wells appear (lanes 2 to 7). Lane 1 shows the 

standard t-PA with enzyme concentration (units/ml) from top to bottom: 500,

5 250, 100, 50, 25 and 0.

Figure 15(b) presents a zymogram on a fibrin agar plate of Hybrid B, 

Hybrid A and tissue type-plasminogen activators after separation of the hybrid- 

PA's by electrophoresis in a polyacrylamide gel (PAGE).

Figure 15(c) presents an autoradiogram of 35S-labelled plasminogen 

10 activators, Hybrid A and Hybrid B, after immunoprecipitation of radio-pulsed 

medium with anti-t-PA antiserum and then electrophoresis on non-reducing 

sodium dodecyl sulfate (SDS)/PAGE. Protein markers (right lane) of known

molecular weights were run concurrently.

Methods aid Materials

15 a) Enzymic Reactions: The restriction and DNA modifying enzymes

were obtained from New England Biolabs Inc., Beverly, MA or International 

Biotechnologies Inc., New Heaven, CT. A typical restriction enzyme reaction 

was performed in a total volume of 50 μΐ following the procedure(s) recom­

mended by the supplier of the enzyme.

20 A ligation reaction for the sticky end DNA is typically performed at

15eC overnight in a buffered 20 μΐ solution containing 100-200 ng DNA and 400 

units of T4 DNA ligase (Ν·Ε. Blolabs.). For blunt end ligation, 4 units of T4 RNA 

ligase (N.E. Blolabs.) are included In the above reaction mixture. (Goodman, 

H.M., and MacDonald, R.J., Method. Enzymol. 68, 75, 1979). The buffer solution

25 used is prepared as a stock 10X solution} 0.5 m TrlAHCl (pH 7.6), 0.1 M MgCl2 

and 0.1 M DTT (dithiothreltol).
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b) Synthesis of Oligonucleotides: All the oligonucleotides mentioned

in this application were synthesized by the phosphotriester method (Crea et al.,

Proc. Nat'l. Acad. Sci. (USA) 75, 5765, 1978) using the Gene Machine model

380A (Applied Biosystems Inc., Foster city, CA). Before their use in ligation

reactions, the oligomers were phosphorylated at the 5' end in a volume of 50 μΐ

containing 200-500 ng DNA, 10 units of T4 DNA kinase, 0.5 mM ATP and kinase

buffer (0.05M Tris-HCl, pH 7.6, 10 mM MgCl2, 5 mM DTT) and incubated at 37°C

for 1/2 hour. For use as hybridization probes, oligomers were radiolabeled with 
09

100 pCi gamma P-ATP (5,000 Cf, mol, Amersham, Arlington Heights, n.) 

following the procedure of Maxam, A.M. and Gilbert, W. Method Enzymol. 65, 

499 (1980).

c) Isolation of DNA Fragments DNA fragments were first separated 

by electrophoresis through 0.5-1.5% agarose gel. Electrophoresis is carried out at 

about 100 volts for 2-4 hours in Tris-Borate-EDTA (TBE) buffer (0.089M Tris, 

0.089 M boric acid, 2 mM EDTA, pH 8.0). DNA bands are visualized under UV 

light by staining the gel in 0.5 pg/ml ethidium bromide solution (Sharp et al. 

Biochem. JL_2, 3055, 1973). The agarose containing the DNA band is cut out with a 

razor. The DNA is electroeluted from the gel. (Maniatis et al. Molecular 

Cloning, a Laboratory Manual, p. 164, 1982). The DNA is further purified by 

passing it through an Elutip-d® column (Schleicher and Schuell, Keene, NH). The 

DNA is precipitated with ethanol. After centrifugation in an Eppendorf 

microfuge for 15 minutes, the pellet is washed once with 70% ethanol, dried 

under vacuum and dissolved in 50 pi deionized water.

d) Miniplasmid DNA Preparation: About 2 ml of LB (Luria Bertani) 

medium containing appropriate antibiotics is inoculated with a single bacterial, 

colony and is Incubated at 37° C overnight with vigorous shaking. About 1.5 ml 

of the culture medium is used to isolate plasmid DNA by the boiling method
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described in Maniatis et al., loc. cit. p. 366. The rest of the culture is stored in 

15% glycerol at -20°C. for later use. The DNA is dissolved in 40 μΐ H2O 

containing 10 pg RNAse /ml. About 8 μΐ is sufficient for one restriction enzyme 

analysis.

5 e) Large Scale Preparation of Plasmid DNA: Typically, one liter of

LB medium is inoculated with a single bacterial colony. After amplification of 

the plasmid DNA with chloramphenicol, the bacterial cells are harvested and 

lysed according to the boiling method (Holmes, D.S. and Quigley, M. Anal 

Biochem. 114, 193, 1981). The plasmid DNA is further purified either by cesium

10 chloride gradient centrifugation or by column chromatography on a Sepharose 4B 

column (Pharmacia, Uppsala, Sweden) as described in Maniatis et al., loc. cit. pp. 

93-96. A recovery of about 400 pg DNA per liter culture is routinely obtained.

f) Vectors: dG-tailed pBR322 plasmid DNA (Bethesda Research 

Laboratories, Inc., Gaithersburg, MD) was used to clone the cDNA for t-PA and

15 u-PA. The detailed molecular structure of pBR322 is described by Maniatis el 

al., loc. cit. pp. 5 and 488. The E. coli strains used for transformation with 

recombinant pBR322 were either HB101 or MM294 (Maniatis et al., loc. cit. p. 

504).

All of the subcloning of DNA fragments from t-PA and u-PA genes

20 were performed in pUC plasmids - a series of pBR322 derived vectors containing 

lac Z and ampicillinase genes (Vieria, J. and Messing, J., Gene 15, 259, 1982). In 

addition the plasmids also contain a sequence - multiple cloning or restriction 

site - in the lac Z, as shown below:

Bam 111
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Cloning in any of the 11 sites can be monitored by the appearance of white 

recombinant colonies in the background of blue vector colonies on an indicator 

plate containing X-gal (5-bromo-4-Chloro-3-indolyl β-D-galactoside) (Ruther, 

Mol. Gen. Genetics 178, 475, 1980). The E. coli strain used for transformation

5 with the recombinant pUC plasmid, was JM 103. The pUC plasmid and E. coli JM 

103 were obtained from Pharmacia P-L Biochemicals, Milwaukee, WI.

g) Host/vector System 

1. Microbial System

The work described here was performed using the microorganisms E.

10 coli. K-12 strain JM 103 (PL Biochemicals) and E. coli K-12 strain MM294 

(ATCC No. 33625). Other microorganisms which may be used in this process 

include other useful Ek coli strains and Bacilli, such as Bacillus subtilis. All these 

microorganisms utilize plasmids that can replicate and express heterologous gene 

sequences.

15 The expression system in yeast employs a plasmid which is capable of

selection and replication in E. coli and/or yeast (Saccharomyces cerevisiae). For 

selection in yeast, the plasmid contains the TRP 1 gene which renders a 

transformed trp“ yeast strain (RH218) prototrophic for tryptophan. The yeast 

expression vector can shuttle in between yeast and E. coli. The plasmid has the

20 following components: 1) a DNA segment derived from PBR 322 containing the 

origin of replication and the ampicillin resistance gene, 2) the yeast TRP 1 gene, 

3) the yeast 2 μ DNA which enables the plasmid to replicate in yeast with high 

stability, 4) A promoter region from the yeast gene, such as alcohol dehydro­

genase, a factor, glyceraldehyde-3-phosphate-dehydrogenase, etc., 5) transla-

25 tional start and transcriptional stop sequences which can be Used for proper

termination and polyadenylation of mRNA in the expression system.
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2. Mammalian Cell Culture System

Mammalian cell lines capable of the replication and expression of a 

compatible vector for the production of heterologous proteins can be used in the 

present invention. They are, for example: Cos-7, WI38, 3T3, CHO, Hela cells, 

5 and Cl27 cells. The vectors used contain 1) the origin of replication derived 

from a virus (SV40, adeno, polyoma, BPV) or cellular chromosomal DNA, 2) a 

promoter, 3) the translational initiation signals, such as ribosomal binding sites, 

and 4) RNA processing signals, (RNA splicing, polyadenylation and transcrip­

tional terminator sequences). Specific examples of the expression vectors 

10 presented here use a BPV viral replication origin, a mouse metallothionein 

promoter and SV40 RNA processing signals. The vector can also be shuttled 

between mammalian cell culture and E. coli. It contains derivatives of PBR 322 

sequences which provide selectable markers for E. coli ampicillin resistance as 

well as an E. coli origin of DNA replication. These sequences are derived from

1 5 the plasmid pML-2d.

The edited hybrid plasminogen activator gene containing a Bam Hl 

sticky end is first inserted at the Bgl 11 site of plasmid 341-3 (Law MF et al., Md. 

Cell Biol. F 3, 2110, 1983) between the mouse metallothionein transcriptional 

promotor element and the SV40 early region transcriptional processing signals. 

20 The complete BPV genome, obtained after digestion of plasmid 142-6 (ATCC 

No.37134) with Bam Hl, is ligated to the unique Bam Hl site. Plasmid 341-3 also 

contains pML2, a pBR 322 derivative which allows plasmid replication in 

bacterial cells. The expression plasmid constructed herein can replicate in 

mouse C-127 cells exclusively as an extrachromosomal episome. Transfected

25 cells can be selected for the transformed phenotype. Further modification of

the expression vector, such as by adding specific enhancer elements for higher
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expression levels or inserting drug resistance (such as neomycin resistance) into 

tlx gene is also possible.
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TRIS-KRINGLE PLASMINOGEN ACTIVATOR

Tissue Plasminogen Activator (t-PA)

5 Messenger RNA

Total RNA was isolated by the isothiocyanate method (Maniatis ert 

al., loc. cit. p. 196) from normal human fibroblast cells (WI-38 cells), which had 

been stimulated by endothelial cell growth factor (ECGF) and heparin to produce 

t-PA. The same stimulated cells produce urokinase. Messenger RNA (mRNA)

1 0 was obtained from the total RNA by chromatography on an oligo-deoxythymidine 

(dT)-cellulose column (Aviv et al·, Proc. NatT.. Acad. Sci. USA, 69, 1408, 1972). 

Further fractionation of the mRNA was performed by centrifugation in a 15-30% 

sucrose density gradient and individual mRNA fractions were hybridized with 

32p_ppObes. (as described below). Fractions containing the t-PA message (ca.

1 5 20-24S) were pooled for use in the preparation of complementary DNA (cDNA).

Complementary DNA

The pooled mRNA (5 pg) described in the previous paragraph was used 

to produce double stranded cDNA and the cDNA was homopolymer tailed with 

polydeoxycytidylate (poly dC) using terminal nucleotide transferase. The

20 product was annealed with Pst 1 digested, polydeoxyguanylate (poly dG) tailed 

pBR322. The annealed DNA was used to transform competent E. coli 294 cells 

which were cultured to produce about 10^ bacterial clones (Maniatis et al., loc 

cit., p. 229).

1
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Screening and Identification of t-PA Clone

32The following three oligonucleotides, after radiolabeling with P- 

ATP, were used to screen the library of recombinant clones. These oligomers 

correspond to amino acid sequences, 34-39 (17 mer), 253-258 (18 mer) and 523—

5 527 (15 mer) of t-PA molecule (Pennica, D. et al., Nature, 301 214, 1983) 17 mer:

5'-CCACTGTTGCACCAGCA-3'; 18 mer: 5'-CACATCACAGTACTCCCA-3'; 15 

mer: 5’-CGGTCGCATGTTGTC-3'. About 20 colonies exhibited moderate to
9 «·o s β a #

strong homology with the pooled probes. Replating and rehybridization of these “
9 0 O fl 0

colonies gave 16 clones with positive signals. Plasmid DNA prepared from these 00 0 

10 clones was blotted on nitrocellulose paper and hybridized with individual probes.»"· ’

Two clones (42 and 62a) hybridized to both the middle (18 mer) and 3' end (15? 

mer) probes. Enzymatic digestion of plasmid DNA with Pst 1 showed that clone
© >' O

No. 42 contained the biggest insert of greater than 2 kilobase (Kb) in the form of j
C 0 13 0

three fragments of 1.1, 0.6 and 0.4 Kb. A restriction map of the clone 

1 5 (pWP 42) is depicted in Figure 2 of the drawings. This clone contains the full

length sequence for the t-PA gene, containing 2600 bp, which includes the 5'- and 

3’- untranslated regions.

20

Editing of t-PA Gene

Approximately 10 pg of pWP 42 plasmid DNA was digested with 9 

units Xho n at 37°C. for 2 hours. The reaction mixture was run on preparative 

1.2% agarose gel and a 1618 bp DNA fragment was isolated by electrophoresis in 

agarose gel. After filling in cohesive ends with E. coli Polymerase 1 (Klenow 

fragment) and dNTPs (four deoxy nucleotide triphosphates- dATP, dGTP, dCTP 

and dTTP) 1 pg of the so modified DNA was ligated overnight with 300 ng of 

phosphorylated Sal 1 linker. After phenol/chloroform extraction and ethanol 

precipitation, the DNA was digested with 50 U of Sal 1 for four hours and the
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reaction mixture applied to a preparative 1% agarose gel to isolate the desired 

DNA fragment.

The DNA with Sal 1 ends was ligated to Sal 1 out pUC 13 and used to 

transform E. coli JM 103 cells and the cells were plated out on ampicillin and X-

5 gal plates. Eight ampicillin resistant, white colonies were selected and grown to 

prepare a mini-plasmid preparation. Two clones (ptPS34B and ptPS39) were 

found to contain the required DNA fragment. Ten pg of ptPS39 plasmid DNA 

digested to completion with Bam Hl and Nar 1 was run on preparative agarose 

gel to obtain a 1288 bp fragment coding for the C-terminal end of t-PA.

10 The 5' end of the t-PA gene was obtained by digestion of 10 pg of

pWP 42 with four units of Hga 1 at 37°C. for eight hours. A 515 bp fragment 

was isolated by electrophoresis in 1% agarose gel. The cohesive ends of this 

DNA fragment were filled in with DNA polymerase 1 (Klenow fragment) and 

dNTPs and the product was ligated to Sma 1 cut pUC 13. After transforming E.

15 coli JM 103 cells, approximately 75 ampicillin resistant, white colonies were 

obtained. Twenty four of these colonies were grown to prepare a miniplasmid 

preparation. The miniplasmid preparation was digested with Nar 1 and 17 clones 

were found to have the required insert in either orientation. One clone (pt PHga 

4) was grown in 1.0 liter of LB medium containing ampicillin to obtain a large

20 quantity of plasmid DNA using the boiling method. The plasmid DNA, pt PHga 4, 

was digested with Bam Hl and Nar 1 and electrophoresed on 1.2% agarose gel to 

isolate a 434 bp DNA fragment coding for the N-terminal end of t-PA.

The 1288 bp DNA (300 ng) and 434 bp DNA (100 ng) were ligated 

overnight to obtain a 1722 bp DNA fragment. This DNA, after ligation with Bam

25 Hl cut pUC 13 was used to transform E. coli JM 103 cells. More than 1000

ampicillin resistant colonies were obtained. Plasmid DNA from twelve colonies

was prepared by the boiling method. The plasmid DNA was identified by cutting

I



'"•l
f

AHP-8643

19 -

with each of Bam Hl, Nar 1 and Xho 11. All of the resulting plasmids were found 

to contain the desired 1,722 bp DNA fragment. One plasmid (pt PBM 1 ) was 

used for large scale plasmid DNA preparation. This plasmid, when cut with Bam 

Hl, gave rise to the 1,722 bp DNA coding for the complete t-PA molecule. The

5 pt PBM 1 clone restriction map and a schematic diagram of its preparation is 

depicted in Figure 3.
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Urokinase Plasminogen Activator (u-PA)

Screening and Identification of u-PA Clone

The library of 10^ recombinant bacterial clones from which the t-PA

10 gene was derived, supra, was screened with a radiolabelled 18 mer probe by the 

method of Grunstein et al., Proc. Natl. Acad. Sci. USA, 72, 3961, (1975). The 

probe, synthesized by the standard phosphotriester method using a Gene Machine 

(Applied Biosystems), presents the oligomer sequence - 5’- GTA GAT GGC CGC 

AAA CCA - 3' -corresponding to the middle part of the urokinase gene (aa17·*-

15 179). About 13 clones exhibited a moderate to strong hybridization signal. 

• These clones were grown in 2 ml LB medium containing tetracycline and a

miniplasmid preparation was prepared. The miniplasmid preparation was 

dissolved in 40 pL· H2O containing 10 pg/ml RNAse. About 8 pL of the DNA 

thereby produced was digested with one unit of Pst 1 and the product separated

20 by electrophoresis on 1% agarose gel. One clone (pUK 53) was found to contain 

the largest insert of 1.7 Kb in the form of three inserts of sizes 1.2, 0.4 and 0.1 

Kb long. The complete 3'- end nucleotide sequence of urokinase was present in 

the Pst 1 cut 1.2 Kb DNA fragment. The 5' end sequence of the gene was 

discovered, through nucleotide sequencing by the Maxam aid Gilbert method,

25 Methods Enzymol., 65, 1499, (1980) to be missing approximately 30 nucleotides

corresponding to the first 10 amino acids of the signal peptide coding region of
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the urokinase protein. Therefore, a duplex DNA sequence 
corresponding to the missing nucleotides was synthesized 
and ligated to the existing gene. ’

Editing of Urokinase Gene

5 The Urokinase plasmid (pUK 53) DNA was cut with Neo 1
and Mst II and the products separated by electrophoresis 
on 1% ararose gel. A DNA fragment of 1198 bp was isolated 
by electroelution. The 5' protruding end of the DNA 
fragment corresponding to the Neo 1 cut was made blunt

1Ό ended by filling in with dNTP's and E.coli DNA polymerase 
(Klenow fragment). The DNA was then ligated to Sma 1 
cut pUC 13 and the modified plasmid used to transform

< competent E. coli JM 103 cells. The Neo 1 site of the
insert is regenerated when the DNA is ligated to the Sma 1

15 site of pUC 13. The cells were plated out on ampicillin 
and X-gal plates and a miniplasmid preparation produced 
from white colonies. Digestion of the miniplasmid DNA

' · preparation with Neo 1 and Sal 1 gave an approximate 1200
bp DNA fragment. A large scale plasmid DNA preparation

. .. 20 from a positive clone (pUKNM-3') was made and digestedeft *
with Neo 1 and Sal 1 to obtain a large amount of the«eft

*·’·· approximate 1200 bp DNA fragment which was separated by
„ preparative agarose gel electrophoresis.β β ♦ft ft ·

To provide the approximate 30 nucleotides corresponding
25 to the first 10 amino acids of the 5' signal peptide coding 

region of the urokinase protein, pUK 53 plasmid DNA wasft ♦ « digested first with Pst 1 and a 400 bp DNA fragment was
«•»ut

* ‘ isolated. This DNA was then treated with ScrF1 to yield
a 242 bp fragment of DNA. The protruding ends of the DNA

30 were filled in with dNTP's and E.coli DNA polymerase 1 
(Klenow fragment).

Two complementary oligonucleotide sequences, 38 and 
42 bases in length, were synthesised on a Gene Machine to 
provide for missing amino acids (-9 to -20) while keeping
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the proper translational reading frame and providing a Sal 
1 sequence on both ends of the DNA for subcloning in Sal 1 
cut pUC 13. The two oligomers were mixed in equimolar 
amounts in ligase buffer (50 mM Tris-HCl, ph 7.6, 10 mM

5 MgCl3, 10 mM dithiothreitol) and heated to 80°C. for 
5 minutes and allowed to cool to room temperature for 
about 1 hour. The thus formed duplex of the two 
complementary nucleotide sequences (about 1pg) was ligated 
to about 300 ng of the 242 bp DNA fragment in ligase

10 buffer at 4°C for 16 hours using 400 units of T4 DNA
ligase. The ligated mixture was separated by electro­
phoresis on 1.2% agarose gel and an approximate 320 bp 
DNA fragment was isolated by electroelution. This 
fragment (about 20 ng) was ligated to 100 ng. of Sal 1 cut

15 pUC 13 and the vector was used to transform competent E. coli 
JM 103 cells. The cells were plated out on amplicillin 
X-gal plates. Twelve white colonies were selected and 
grown to prepare a miniplasmid preparation. The miniplasmid 
preparation was cut with Sal 1. One clone, containing the

20 expected 320 bp DNA insert,was grown for large scale
preparation of plasmid DNA. The DNA was cut with Sal 1 and 
Neo 1 to yield a 260 bp DNA fragment upon preparative agarose 
gel electroproresis.

The 260 bp DNA and 1200 bp DNA fragments, containing
25 a common Neo 1 restriction site at 333 bp position of the 

gene, were mixed in equimolar amounts for ligation. The 
ligated product was cut with Sal 1 and the reaction 
mixture separated by preparative 1% agarose gel electro­
phoresis. A 1460 bp DNA fragment was isolated by electro-

30 elution. This DNA was ligated to Sal 1 cut pUC 13 and
this plasmid was used to transform competent E.coli JM 103 
cells which were plated out on ampicillin and X-gal plates. 
Twelve white colonies were selected and grown to prepare 
a miniplasmid preparation by the boiling method. The 
miniplasmid preparation was cut with Sal 1 and one clone 
(pUKBM) was found to contain the desired 1460 bp DNA insert.

1

k
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pUKBM was grown in large volume to provide plasmid DNA.
The oligonucleotide sequence from the 5' end containing the 
synthetic linker was sequenced by the Maxam - Gilbert 
method to confirm its authenticity.

5 The DNA insert in pUKBM plasmid was thereby established
to contain the translational initiation codon AUG (met, -20 aa in the 
leader sequence) as well as the termination codon TGA. This 
complete gene codes for the 20 amino acids of the signal 
peptide (-1 to-20) and the 411 amino acids of mature

10 urokinase protein.

Example 1

(UKaa^ '-Ser-Glu-Gly-Asn-Ser-Asp)^^t-PA

In compound (a.) shown in Fig.1, the t-PA sequence 
containing the signal peptide (a.a. -35 to -1) and the N-

15 terminal peptide (a.a. 1 to 91) regions were replaced by an 
amino acid sequence containing the signal peptide (a.a.. -20 
to -1) and the first 131 amino acids of urokinase. The u-PA 
sequence was joined to the first kringle (tPK1) of t-PA via 
a oligonucleotide sequence coding for the hexapeptide L-

20 Ser-L-Glu-Gly-L-Asn-L-Ser-L-Asp.
About 10pg of plasmid pUKBM was digested with Eco R1 

and Mst 1 under standard conditions. The reaction mixture 
was electrophoresed through a 1.2% agarose gel at 150 volts 
for 3 hours. After staining the gel with ethidium bromide

25 to visualise the DNA bands, a 452 bp DNA fragment was
isolated and purified. This DNA fragment contains coding 
information for the leader or signal peptide (20 amino acids) 
as well as N-terminal and kringle region (a.a. 1 to 131) 
of the urokinase gene.

30 In order to obtain the t-PA-des a.a. 1-91 sequence,
about 10yg of recombinant plasmid ptPBM-1 was digested to
completion with Ava II and electrophoresed on a 1.2%
agarose gel to isolate a 747 bp DNA fragment. The
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addition of an oligomer linker to this fragment followed 
by digestion with Eco R1 to obtain a 354 bp DNA fragment is 
described in Example 2 and depicted in Fig.7. The 354 bp 
DNA codes for the hexapeptide linker and the t-PA peptide

5 (a.a. 92 to 204) - a 118 amino acid sequence. Equimolar
amounts of the 452 bp DNA fragment prepared in the preceding 
paragraph and the 354 bp DNA fragment were ligated using 
T4 DNA ligase at 15°C for 16 hours. The reaction mixture 
was separated by electrophoresis on 1.2% agarose gel and a

10 DNA band corresponding to a size of 806 bp was eluted out 
and purified. About 100 ng of 806 bp DNA fragment was 
ligated with about 300 ng of BAP (bacterial alkaline phos­
phatase) treated Eco R1 pUC 13 (Pharmacia P-L Biochemicals, 
Inc. Milwaukee, WI) in about 20μ1 reaction volume. About

15 % of the solution was used to transform competent E.coli
JM 103 cells according to the procedure of Viera, J. and 
Messing, J., Gene 1 9 , 259 , ( 1 982). Miniplasmid DNA
prepared from 12 recombinant white colonies, was digested 
with Eco R1 under standard conditions. One clone, ptPUK-

20 806, containing the required insert, was digested with Bam
Hl and Nar 1 and separated by electrophoresis on 1.2% 
agarose gel. A DNA band corresponding to a 519bp fragment . 
was cut; eluted and purified. Following the same 
procedure, a 1300 bp DNA fragment was obtained by digestion

25 of ptPBM-1 with Bam Hl and Nar 1. Equimolar amounts of 519 
bp and 1300 bp DNA fragments were used for ligation 
following the standard procedure of Goodman, H.M., and 
MacDonald, R.J.,Method. Enzymol 68,75, (1 979). The ligation
mixture was extracted twice with a phenol: chloroform (1:1)

30 mixture and the DNA was precipitated with two volumes of
absolute ethanol. After dissolving the pellet in 50μ1 Η2<0, 
the DNA was digested with Bam Hl under standard assay 
conditions and separated by electrophoresis on a 1 % agarose 
gel. A DNA fragment containing 1819 bps, was cut, eluted

35 from the gel and purified. This DNA fragment contained all
the coding information required for the signal peptide
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j (20 amino acids) and the mature hybrid or tris-kringle PA molecule of
' 1 - Ί 31; 573 amino acids which corresponds to (UKaa -Ser-Glu-Gly-Asn-Ser-

1-91Asp) -t-PA depicted in figure 1(a).
The tris-kringle gene was then ligated to Bgl II cut expression

5 vectors papalloma virus (BPV) which served as the complete expression 
vector. Conventional culture yielded the tris-kringle plasminogen 
activator of Figure 1(a).

I
; Construction of Urokinase Kringle Sequence

i In Examples 2 and 3, only the kringle part (a.a. 50-131) of urokinase Is

10 utilized and Is inserted oither before or after the double kringle region of t-PA.

· Fig. 6 dopicts the construction of a nucleotide sequence, coding for a.a. 51-131 

j from the recombinant plasmid pUK 53. There is a convenient restriction site,

■ Mst 1, just after the nucleotide sequence corresponding to amino acid 131.

However, none could be found around a.a. 50. Thus, a scheme for the creation of

15 a restriction site around a.a. 50 (Nde 1 in this example) was formulated as shown 

in Fig. 0. Tho kringle region of urokinase corresponds to the nucleotide sequence 

from bp 284 (a.a 50) to bp 530 (a.a. 131).

About 10 yg of pUK 53 plasmid DNA was digested to completion with 

Sea 1 which outs at bp 204 in the urokinase sequence, After phenol extraction

20 and ethanol precipitation, the DNA pellet was dissolved in 50 yl of buffer 

; solution (10 mM CaCl2> 12 mM MgCl2, 0.2 M NaCl 1, 20 mM Tris-HCl (pH 8.0), 1

{ mM EDTA). To the reaction mixture was added 1 yl (2 units) of nuclease Bal 31

Ϋ and the mixture was incubated at 30°C for 15 seconds (Legerskl, R. J., J. L.

- Hodnett, and Η. B. Gray, Jr,, Nucleic Acid Res. 5, 145, 1978). The reaction was

25 stopped by the addition of 5 yl of 0.4M EGTA. This reaction time was found to 

be sufficient to remove about 80 bp from each end of the DNA fragment, After 

phenol extraction and ethanol precipitation, the DNA was ligated to an oligo­

nucleotide linker (10 bp) under standard reaction conditions. The oligomer linker
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(Eco Rl/Nde 1 linker) with the sequence, TGGAATTCCA, was designed to create

} an Nde 1 site (CATATG) when ligated to the DNA fragment end containing the

sequence, TATG (corresponding to a.a. 51). In addition, the restriction site, Eco 

j Rl, was built into the linker to provide for subsequent cloning in a pUC 13

5 vector. After phenol extraction and ethanol precipitation, the DNA was digested 

with Eco Rl and separated by electrophoresis on 1% preparative agarose gel. A 

i DNA band corresponding to 340 bp, was cut, eluted and ethanol precipitated,

ί About 40 ng of this DNA was ligated with about 0.4 pg of Eco Rl cut pUC 13

vector DNA and used to transform competent E. coli JM 103 cells (Maniatis et

10 ah* lQQ« Sill Ρ· 250). About 1,000 recombinant colonies were obtained from 10

plates. The bacterial colonies were replica-plated on nitro-cellulose paper, and 

screened by in situ hybridization using a radioactive oligonucleotide probe
i

(Grunsteln et al. Proc. Nat'l. Acad. Scl USA 72, 3961, 1975). The oligonucleotide 

probe used was 18 bp long (TTCCATATGAGGGGAATG) and contains the first

15 five nucleotides from the Eco Rl/Nde 1 linker and the next 13 bases from the 

urokinase sequence corresponding to a.a 51 to 54. About 12 clones showed a 

moderate to strong signal on X-ray film. Miniplasmid DNA prepared from these 

12 clones was digested with Nde 1 and separated by electrophoresis on 1% 

ΐ agarose gel. One clone, pUKKNd 16, was found to contain the newly generated

j 20 Nde 1 site. Tilts plasmid DNA, after digestion with Nde 1 and Mst 1, was

separated by electrophoresis on 1.4% agarose gel to obtain a 246 bp DNAft
/ fragment. This DNA fragment contains the urokinase nucleotide sequence

coding for a.a. 51 to 131. The DNA sequence for the missing a.a. 50 (Cys) is 

incorporated into the oligomer linker os shown in Fig. 7 and 8.



AHP-8643

- 26 -

Example 2

91-(UKaa50~l 31-Ser-Glu-Gly-Asn-Ser-Asp)-92-t-PA 

The urokinase kringle sequence as shown in Fig. 1(b) w^s inserted

before the double kringle region of t-PA i.e. between a.a. 91 and 92. As

5 described in the preceding paragraph, Nde 1 and Mst I digestion of pUKKNd 16 

plasmid DNA gave rise to a 246 bp sequence which corresponds to a.a. 51 to 131 

of urokinase. The two ends of the UK kringle sequence (246 bp) were inserted 

into the t-PA gene between nucleotide no. 462 (a.a. 91) and 463 (a.a. 92) through 

the use of two oligonucleotide linkers. The procedure followed is shown in Fig. 7.

10 About 50 pg of ptPBM-l plasmid DNA was digested with Eco RI and

a 740 bp DNA fragment was isolated by electrophoresis in 1% agarose gel. This 

DNA was then digested partially with Sau 961 (isoschizomer of Asu 1) for the 

isolation and purification of a 385 bp DNA fragment.

Two complementary oligonucleotide sequences were synthesized by

15 the phosphotriester method (Crea et al., Proc. NatU. Acad. Sci (USA) 75, 5765, 

1978) which code for amino acid 91 (Thr) of t-PA and amino acid 50 (Cys) of the 

Urokinase kringle.

20

Thr Cys 
5'-GGCC ACC TGC

G TGG ACGAT-5'

Asu 1 Nde 1

The oligonucleotide linker Is flanked by Asu 1 and Nde 1 restriction sites. Only 

the upper oligonucleotide (OCCCACCTOC) was phosphorylated at Its 5' end.

About 1 pg of the 385 bp DNA fragment was ligated overnight with 

25 approximately 1 pg of oligomer linker. After phenol extraction and ethanol 

precipitation, the DNA was digested for 2 hours with Eco RI and separated by 

electrophoresis on 1.2% agarose gel to obtain a 394 bp DNA fragment. This DNA

*
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fragment contains the nucleotide sequences coding for the signal peptide (35 

a.a.) and N-terminal peptide a.a. 1 - 91 of t-PA. In addition, it also restores the 

DNA sequence for a.a. 50 (Cys) of the UK kringle not present in its 246 bp DNA 

fragment (Fig. 6).

5 In order to obtain the C-terminal t-PA sequence, amino acids 92

onward, about 50 pg of ptPBM-1 plasmid DNA was digested with Ava II and a 747 

bp DNA fragment was isolated from 1% agarose gel. Two complementary DNA 

fragments of 27 and 30 bp long were synthesized by the phosphotriester method. 

As shown in Fig. 7, this DNA linker codes for the hexapeptide Ser-Glu-Gly-Asn- 

10 Ser-Asp and also restores the missing a.a. 92 to 94 (Cys-Tyr-Glu) in the Ava II 

cut 747 bp DNA. Only the lower oligomer (30 mer) was phosphorylated at its 5' 

end. About 1 pg of 747 bp DNA and 1 pg of oligomer linker were ligated 

overnight at 15°C. After phenol extraction and ethanol precipitation, the DNA 

was digested for 2 hours with Eco Rl to obtain a 354 bp DNA fragment from 

15 1.4% agarose gel. About 500 ng of each of the three DNA fragments, 394 bp, 

246 bp (UK Kringle) and 354 bp, were ligated overnight using T4 DNA ligase. 

After phenol extraction and ethanol precipitation, the DNA was digested with 

Eco R1 and a 994 bp DNA fragment was isolated and purified from the 1% 

agarose gel. This DNA, after ligation with an equimolar amount of Eco R1 cut 

20 pUC 13 vector, was used to transform competent E. coli JM 103 cells. 

Miniplasmid DNA preparations from 12 recombinant clones were digested with 

Eco Rl. One clone containing the required insert of 994 bp, was grown in 1 liter 

LB medium for large scale preparation of plasmid DNA. About 10 pg of this 

plasmid DNA was digested with Bam Hl and Nir 1 and a DNA fragment

25 corresponding to 700 bp size was purified from the 1% agarose gel.

The 3* end of the t-PA gene was obtained by digestion of about 10 pg

of ptPBM-1 plasmid DNA with Bam Hl and Nar 1. After separating the reaction

I
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mixture by electrophoresis on 1% agarose gel, an approximate 1300 bp DNA 

fragment was isolated by electroelution and purified.

Approximately equimolar amounts of the two DNA fragments of 700 

bp and 1300 bp size, were ligated overnight and a 2000 bp DNA fragment was

5 recovered from 1% agarose gel. This DNA, flanked by the restriction enzyme

Bam Hl sequence, was inserted at the Bgl II site of the BPV expression 

vector. This DNA codes for a protein containing a total of 650 amino 

acids - 35 amino acids for the signal peptide and 615 amino acids for 

the mature protein. Conventional culture, recovery, isolation and

10 purification techniques yielded the tris-kringle plasminogen activator 

of Fig. 1,(b).

Example 3

281-(Ser-Glu-Gly-Asn-Ser-Asp-UKaa5°-l 3*)-262-t-PA 

In this example, the urokinase kringle sequence is inserted just after

15 the double kringle region of the t-PA gene i.e. between the sequences 

corresponding to a.a. 261 (Cys.) and 262 (Ser). Fig. 8 shows the scheme detailing 

the various steps involved in the production of this tris-kringle PA.

About 10 pg of pWP 42 plasmid DNA was digested with Hga 1 and a 

400 bp DNA fragment was isolated from 196 agarose gel. This DNA fragment

20 contains the sequence corresponding to part of the kringle region of t-PA, i.e., 

amino acids 135-261. It should be noted that the double kringle region of t-PA 

ranges from amino acids 92 to 261, with a hexapeptide (amino acids 174-179) 

joining the two kringles. An oligonucleotide linker consisting of two DNA 

sequences - 24 mer and 21 mer as depicted in Fig. 8 - was synthesized using the

25 phosphotriester method. This oligomer linker codes for the hexapeptide linker as

well as for missing amino acid 50 (Cys) of the UK kringle and is flanked by

restriction enzyme sequences for Hga 1 and Nde 1. Only the upper oligo-

g
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nucleotide, 23 mer was phosphorylcted at its 5' end and it was ligated 

to the Hga 1 end of the 400 bp DNA fragment from t-PA. The 421 bp 

DNA product was isolated from preparative 1% agarose gel.

The post kringle part of t-PA was obtained by digestion of 10 pg of

5 pWP 42 plasmid DNA with Rsa 1 followed by isolation of 501 bp DNA from 1.2%

! agarose gel. This DNA represents a.a. 269 to 435 of the t-PA molecule. Two
’i
j complementary oligonucleotide sequences of 22 bases as depicted in Fig. 8 were

i synthesized by the phosphotriester method. This DNA linker, when ligated to the
}
| 501 bp DNA at its 5' end restores the missing amino acids from 262 to 268.

{ 10 Approximately 1 pg of the 501 bp DNA and 1 pg of the linker DNA
I
j were ligated overnight and a DNA band corresponding to 523 bp size was purified

i from 1% agarose gel.

The three DNA fragments of sizes 421 bp, 246 bp (UK Kringle) and 

523 bp, were ligated in approximately equimolar amounts at 15°C for 16 hours.

15 After phenol extraction and ethanol precipitation, the DNA was cut with Eco R1 

and a DNA fragment of 741 bp was isolated. This DNA, flanked by two Eco R1 

restriction sites, was amplified in pUC 13 vector system as described above.

10 pg of ptPBM-1 plasmid DNA in which the Eco R1 site in multiple 

cloning site had been removed, was digested to completion with Eco R1 and the

20 larger vector DNA fragment of about 4.0 Kb was isolated from 1% agarose gel. 

About equimolar amounts of Eco R1 cut vector DNA and the 741 bp DNA were
. Λ

ligated and the product used to transform competent E. coli JM 103 cells.
. . .

Miniplasmid DNA, prepared from 12 recombinant clones, was digested with Bam 

. Hl to look for the desired insert of about 1.8 Kb. The correct orientation of the

25 741 bp DNA in the insert was determined by digestion of the plasmid DNA with

Nar 1 and Mst 1. One clone, ptPUHYC, when digested with Nar 1 and Mst 1 was 

found to contain a fragment of approximately 700 bp in correct orientation.
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The 1.8 Kb DNA, obtained by digestion of ptPUHYC plasmid DNA 

with Bam Hl, contains the nucleotide sequence coding for a protein of 650 amino 

acids - 35 amino acids for the signal peptide and 615 amino acids for mature 

protein corresponding to the product of Fig. 1(c).

5 The tris-kringle gene is then ligated to Bgl U cut bovine papalloma

virus (BPV) which serves as the complete expression vector. Conventional 

culture yields the tris-kringle plasminogen activator of Fig. 1(c).

TETRA-KRINGLE PLASMINOGEN ACTIVATOR

Prothrombin cDNA:

'10 A cDNA clone for the prothrombin gene was isolated from the human

liver cDNA library following the procedure of Friezner et al., Biochemistry, 22, 

2087, 1983. The clone, pPTR, contains complete coding information for the 

mature protein of 579 amino acids. The double kringle region of prothrombin 

extends from amino acid 65 (bp 319) to amino acid 248 (bp 840), a 184 amino acid

15 peptide. Each of the two kringles, PTK1 (amino acids 65-143) and PTK 2 (amino 

acids 170-248) are 79 amino acids long and are joined by a peptide of 26 amino 

acid length (amino acids 144-169).

Preparation of Prothrombin Double Kringle Sequence 

The DNA sequence representing the double kringle region was

20 isolated from the prothrombin cDNA in two steps (Fig. 12).

In the first step, 10 pg of pPTR plasmid DNA was digested with Ava 1

and a 706 bp DNA was isolated from 1% agarose gel. This DNA was treated with 

Bal 31 for 7.5 seconds to remove about 38 bp from either end of the DNA 

(Legerski et al., Nucleic Acid Res., 5, 145, 1978). After phenol extraction and

25 ethanol precipitation, the DNA was ligated to an Eco R1 linker, GGAATTCC, at

i
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4°C. for 15 hours. This linker, when ligated to DNA ending with sequences 

CTGAG or TGAG (amino acid 67, Glu) will produce a new restriction sequence 

for Mst II (CCTGAGG) at the N-terminal of the double kringle (amino acid 67). 

After cutting with Eco Rl, a DNA fragment of 630 bp size was isolated. This

5 DNA, after ligation in equimolar amounts with Eco Rl/pUC 13, was then used to

transform competent E. coli JM 103 cells. Initial screening for the desired clone 

32was performed by in situ hybridization with a P labeled probe, 

GAATTCCTGAGGGTCTG, containing nucleotide sequences for amino acids 66 to 

68. Twelve clones, exhibiting a strong signal on X-ray film, were grown for a

10 miniplasmid preparation. After digestion of plasmid DNA with Mst II and Bam 

Hl, one clone, pPTK-5’ was found to contain the required insert of about 630 bp 

and also the newly created Mst II site at 322 bp.

The second step involved the editing of the 3' end of the kringle 

region, around amino acid 248, using a similar approach as described above.

15 About 10 pg of pPTK-5' plasmid DNA was digested to completion with Bam Hl. 

The DNA was then treated with Bal 31 for 15 seconds at 30°C. to remove about 

82 bp from both ends of the DNA. After phenol extraction and ethanol 

precipitation, the DNA was ligated to a Eco Rl/Fsp 1 linker, 

CGCAGAATTCTGCG. As the name suggests, the linker generates an Fsp I

20 sequence (TGCGCA) at any DNA sequence ending in TG-. After cutting 

thoroughly with Eco Rl, a 546 bp DNA was isolated from 1.2% agarose gel and 

then ligated to Eco Rl cut pUC 13. The recombinant plasmid was then used to 

transform competent E. coli JM 103 cells. About 1000 recombinant clones were 

screened in situ using a P-labelled oligomer with the sequence

25 CTCAACTATTGCGCAGAA (amino acids 245 to 248). Plasmid DNA prepared

from 12 potential clones, was cut with Mst Π and Fsp 1 and run on a 1% agarose

gel. One clone, pPT2K, was found to contain the required insert of 546 bp size.

»
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This DNA codes for a total of 182 amino acids, amino acids 67-248, of the double 

kringle region. The nucleotide sequence for the remaining two amino acids, at 

positions 65 (Cys) and 66 (Ala), are added via the oligomer linker as shown in Fig. 

13.

5 Example 4

9l(PTKaa65~248-Ser-Glu-Gly-Asn-Ser-Asp)-92-t-PA 

The double kringle sequence of prothrombin, amino acids 65-248, was

inserted before the double kringle region of t-PA (i.e. between amino acids 91 

and 92) to give rise to tetra kringle-PA. As described in the preceding

10 paragraph, Mst II + FspI or Eco R1 digestion of pPT2K plasmid DNA gives rise to 

a 546 bp DNA fragment which codes for amino acids 67 to 248 of prothrombin. 

Through the use of two oligonucleotide linkers, the two ends of the 546 bp DNA 

were inserted into the t-PA gene between nucleotide 462 (amino acid 91) and 463 

(amino acid 92). The scheme followed is shown in Fig. 13.

15 The 354 bp DNA, containing the nucleotide sequence for the peptide

linker-Ser-Glu-Gly-Asn-Ser-Asp as well as for the amino acid 92 to 204 of t-PA, 

was prepared as described in Example 2 and Fig. 7. Equimolar amounts of the 

354 bp DNA and 546 bp DNA (prothrombin kringles) was ligated at 4°C. for 16 

hours. The DNA was cut with Eco R1 and a 900 bp DNA fragment was isolated

20 from agarose gel. This DNA after ligation to Eco R1 cut pUK 13 vector was 

used to transform E. coli JM 103 cells. Miniplasmid preparation obtained from 

12 recombinant clones were digested with Eco El and Mst Π. One clone, 

pPT2KTPK, was found to contain the required insert of 900 bp. This DNA codes 

for a total of 300 amino acids, 182 amino acids for prothrombin (amino acids 67­

25 248), a hexapeptide sequence and 112 amino acids for t-PA (amino acids 92-204).

f
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The preparation of 385 bp DNA obtained by digestion of ptPBM-1 

plasmid with Eco R1 and Asu 1 is described in Fig. 7. Two complementary 

oligonucleotide sequences of 12 bp each, were synthesized by the phosphotriester 

method. This linker restores the missing amino acids, Cys and Ala, of the

5 prothrombin kringle region and is flanked by the Asu 1 and Mst II recognition 

sequences. About 500 ng of DNA (385 bp) was ligated with 1 pg of 

phosphorylated linker as shown in Fig. 13. After cutting with Eco Rl, a 402 bp
?
ί DNA fragment was isolated. About equimolar amounts of 402 bp DNA and 900
!
i
? bp DNA were ligated, cut with Eco Rl and a 1302 bp DNA fragment was isolated

t r
i * - ! 10 from the 1% agarose gel. This DNA was subcloned in Eco Rl cut pUC 13 vector.

Plasmid DNA, isolated from 12 recombinant clones, was digested with Eco Rl.

; One clone, pNPT2KPAK, containing the required insert, was grown for large
[

ii scale preparation of plasmid DNA. The plasmid DNA was digested to completion
H

with Bam Hl and then partially with Nar 1 to obtain a 986 bp DNA fragment.•j
: 15 Similarly, a 1300 bp DNA fragment was obtained from digestion of ptPBM-1 with

μ
ij Bam Hl and Nar 1. The two DNA fragments, 986 bp and 1300 bp, in equimolar
j
ij amounts were ligated, cut with Bam Hl and a 2286 bp DNA fragment was

H isolated from 196 agarose gel electrophoresis. The DNA, flanked by the Bam Hl
4
■ I
!' sequences, was inserted, at the Bgl Π site of the BPV expression vector. This

J 20 DNA codes for a total of 752 amino acids - 35 amino acids for the signal peptide
j and 717 amino acids for the mature protein. The mature protein, with an

F si
estimated molecular weight of about 92,000 contains 184 amino acids from the 

prothrombin double kringle region, a hexapeptide linker and complete t-PA

. sequence of 527 amino acids.

*
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Expression and Biochemical Characterization of

Hybrid Plasminogen Activators

Two of the hybrid plasminogen activators (h-PA) shown in Fig. 1(a) 

and Fig. 1(b) were prepared for expression in the BPV-I based expression vector

5 system. These h-PA's are throughout this application referred to as Hybrid A 

and Hybrid B, respectively.

The complete gene sequences, flanked by BamHI for Hybrid A 

(1.8 Kb, Fig. 5) and Hybrid B (2.0 Kb, Fig. 7) were inserted into the Bgl II cut 

plasmid p341-3 (for details see Methods and Materials). Miniplasmid prepara-

10 tions from 12 recombinant clones were prepared and digested individually with 

Narl, Bgl II or BamHI and Aval. This was used to confirm the presence of 

hybrid genes as well as to determine the orientation of the insert. Only one 

orientation of the gene, i.e., in the direction of the metallothionein promotor, is 

desirable, because it places the expression of the gene under the control of that

15 promotor. In addition, the SV40 poly-A sequence located just behind the gene, 

would process the RNA transcript of the gene by polyadenylation at its 3'-end for 

efficient translation of the gene. Two recombinant clones pHyb AMT-43 (for 

Hybrid A) and pHyb BMT-50 (for Hybrid B) were obtained.

About 1 pg of the plasmid DNA obtained from the above mentioned

20 clones, was digested with BamHI and then dephosphorylated with bacterial 

alkaline phosphatase. To this was inserted a complete 8.0 Kb BamHI cut BPV-I 

genome. Two expression plasmids pHyb-AMTBPV-438 and pHyb-BMTBPV-504 

(simply referred to as p438 and p504) containing the genes coding for Hybrid A 

and Hybrid B, respectively, were obtained. A complete map showing the relative

25 positions of various components of the expression plasmids is shown in Fig. 14.

The two expression plasmids containing the genes encoding for hybrid

t-PA/urokinase molecules were transfected into mouse Cl27 cells by the

* * * ·
« » « 
• ·
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calcium phosphate precipitation method (Graham et al., Virology, 52, 456 (1973)). 

Foci of morphologically transformed cells were subcultured and screened for 

gene expression. Initial screening for fibrinolytic activity in the medium was 

done on a fibrin-agar plate as shown in Fig. 15(a) (Ploug et al. Biochim. Biophys.

5 Acta, 24, 278 (1957)). From each transfection, an average of 50% of foci 

transformed with p504 (Hybrid B) and 5% of foci transformed with p438 (Hybrid 

A) showed positive fibrinolytic activity in the culture medium. Several high 

producers were selected and cell lines were expanded from individual foci. The 

two cell lines with which most of the preliminary biochemical and immunological

10 characterizations of the gene products were performed were labeled clone 5A5 

for Hybrid B and clone 16C1 for Hybrid A.

Biochemical Characterization

The enzymatic activities of the hybrid molecules were assessed by 

fibrin-agar assay and amidolytic activity assay using synthetic substrates S-2444

15 and S-2251 (Shimoda et al., Thromb. Haemostas., 46, 507 (1981)). Approximately 

1-5 units/pl active enzyme were secreted into the medium in 16 to 18 hours. 

Natural t-PA and urokinase are synthesized as precursors and secreted from the 

cells after the signal sequences are cleaved off to become the mature protein. 

Furthermore, both t-PA and urokinase are glycosylated. To determine whether

20 the h-PA's secreted by the transfected mouse cells were processed in a similar 

fashion as natural t-PA and urokinase, the hybrid molecules were analyzed by 

SDS/polyacrylamide gel (PAGE) electrophoresis followed by fibrin-agar overlay 

(Granelli-Piperno et al., J. Exp. Med., 148, 223, (1978)). As shown in Fig. 15(b), 

the active enzyme from Hybrid B-containing medium has a molecular weight of

25 76,000 and Hybrid A, 71,000. These are in good agreement with the molecular

weight calculated from the inserted gene.
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Hybrid B was purified from harvest medium in a manner similar to 

that used for t-PA purification. Amino acid sequence analysis indicated that the 

N-terminal of Hybrid B is correctly processed, having the sequence identical to 

the N-terminal region of mature t-PA: Ser-Tyr-Gln- ; in addition, an N-terminal

5 sequence, Ile-Lys-Gly-, corresponding to the amino acid at the activation 

cleavage site Arg-Ile was present. It is concluded that Hybrid B purified from 

the harvest medium existed mainly as an activated, two chain form. By addition 

of a protease inhibitor (Aprotinin) to the harvest medium, a single chain h-PA 

molecule is obtained.

10 Immunoprecipitation followed by SDS/PAGE of 35s-labeled harvest

media showed that, under non-reducing conditions, bands at the position corres­

ponding to an apparent molecular weight of 71,000-76,000 were observed in the 

sample from cell line 5A5 (Hybrid B) and 16C1 (Hybrid A), respectively, but not 

in the control sample. The fibrinolytic activity of the culture media from 5A5

15 cells as well as purified t-PA (American Diagnostics, Inc., Greenwich, CT) was 

neutralized by anti-t-PA antiserum, but not by anti-urokinase antiserum, 

suggesting that although the Hybrid B contains a urokinase kringle in addition to 

t-PA, the protease domain of Hybrid B was recognized and neutralized by anti-t- 

PA. Anti-urokinase antibody may bind to the urokinase kringle portion of the

20 hybrid molecule, but this binding, if any, does not interfere with the proteolytic 

activity conferred by the protease domain at the C-terminus of the hybrid

molecule.

The poly-kringle plasminogen activators of this invention are used in 

treatment of vascular accidents in mammals in the same manner and through the

25 same delivery vehicles as t-PA itself. Thus the poly-kringle plasminogen

activators of this invention may be formulated into pharmaceutical compositions

I
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by dissolving or suspending the polypeptides in 
suitable pharmaceutically acceptable vehicles such as 
those known to the the art as applied to t-PA. 
Administration to a mammal in need thereof by 
intravascular injection or infusion is conducted 
following techniques already established with t-PA 
itself. An intravenous primary dose of about 440 IU/kg 
body weight is normal, followed by continuing infusion 
of about 440 IU/kg/hr for about 6 to 12 hours is 
conventional practice when using t-PA.

Hybrid B exhibits properties very similar to 
those of t-PA in the following assays: fibrin clot 
binding; amidolytic activity toward smaller substrates 
(S-2288-D-Ile-Pro-Arg-p-nitroanilide) and
fibrin-dependent plasminogen activation. In the rabbit 
and dog, Hybrid B can be detected up to 120 minutes 
after injection compared with 2 to 5 minutes for t-PA. 
The animals seem to exhibit much less systemic bleeding 
with Hybrid B than is seen with t-PA. As a result, 
fibrinolysis is sustained over a longer period of time 
and reocclusion is avoided.

Also provided is a process for converting 
plasminogen into plasmin which comprises contacting 
said plasminogen with a polypeptide according to this 
invention. In a further aspect this invention provides 
a process for disrupting blood clots in a mammal which 
comprises administering into the vascular system of 
said mammal a polypeptide according to this invention.
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Thcs claims defining the invention are as follows:

1. A hybrid plasminogen activator containing plural 
polypeptide kringles, at least one of said kringles 
being heterologous and at least one being homologous; 
adjacent homologous and heterologous kringles being 
separated by an amino acid linker sequence.

2, A plasminogen activator according to Claim 1 which 
contains from 2 to 6 kringles.

3, A tetra-kringle plasminogen activator according to 
Claim 1,

4, A tris-kringle plasminogen activator according to 
Claim 1.

5, A plasminogen activator according to any one of 
Claims 1 to 4 containing a polypeptide sequence 
corresponding to the amino acid sequence 92 to 261 of 
t-PA,

6, A plasminogen activator according to any one of 
Claims 1 to 4 containing a polypeptide sequence 
corresponding to one of the following amino acid 
sequences*. 1 to 261 of t-PA,

92 to 527 of t-PA,

1 to 131 of urokinase,

50 to 131 of urokinase, or 65 to 24?« of prothrombin.
ί 1
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7. A plasminogen activator according to any one of 
claims 1 to 6 in which the kringles or at least one 
pair of kringles is connected by a linker sequence 
containing 6 to 20 natural amino acids.

8. A plasminogen activator as claimed in Claim 7 in
which the linker contains 6 to 10 natural amino acids.

9. A plasminogen activator as claimed in Claim 8 in
which the linker is L-Ser-L-Glu-Gly-L-Asn-L-Ser-L-Asp 
or L-Thr-L-Asp-L-Ala-L-Glu-L-Thr-L-Glu.

10. A plasminogen activator having a formula selected 
from one of the following:

91<PTKaa65“248-Ser-Glu-Gly-Asn-Ser-Asp)~92-t-PA, as 
* hereinbefore defined, _

1-131 1-191(UKaa -kringle linker) t-PA, as hereinbefore
defined,
and
91-(UKaa88”131-kringle linker)-92t-PA as hereinbefore 

defined; in which the kringle linker is a polypeptide
. moiety containing 6 to 10 natural amino acids,

11. A plasminogen activator of formula
261-(kringlelinker-UKaa80~131)-262-t-PA as hereinbefore 

defined in which the kringle linker is a polypeptide 
moiety containing 6 to 20 natural amino acids.

12. A plasminogen activator according to Claim 10 or 
Claim 11 in which the kringle linker is 
L-Ser-L-Glu-Gly-L-Asn-L-Ser-L-Asp.

\
' il,
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13. A DNA unit having a nucleotide sequence encoding 
for the polypeptide of any one of Claims 1 to 12.

14. A cloning vector that includes the DNA unit of 
Claim 13.

15. A plasmid selected from pHyb-AMTBPV-438 or 
pHyb-BMTBPV-504 as hereinbefore defined.

i

j
(

ΐI

ί

J
ί

16. A microorganism or cell culture transformed with a
vector according to Claim 14 or Claim 15. ,,

• ft £ ft * B 
ft

β © 9

17. A process for preparing a plasminogen activator » "»<>* 
according to any one of Claims 1 to 12 which comprises e0 »

β ft 0
constructing by recombinant DNA techniques, a ’

’ BOB

replicable expression vector containing the DNA 
sequence encoding for said hybrid plasminogen 
activator, transforming suitable host cells to 
introduce said expression vector and obtain transformed 
host cells, culturing said transformants to express 
said hybrid plasminogen activator and recovering said 
hybrid plasminogen activator.

I

18. A pharmaceutical composition comprising a 
plasminogen activator according to any one of Claims 1 
to 12 and a pharmaceutically acceptable carrier.

19. A plasminogen activator as claimed in claim 1 
substantially as hereinbefore described with reference 
to any one of the drawings.
DATED: 15th December, 1989 
PHILLIPS ORMONDE & FITZPATRICK 
Attorneys for:
AMERICAN HOME PRODUCTS CO
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85 517
AUG Narl

I llllllH| 1 , '

Hgal Xholl Hga I
68 187 583

1773
TGA

—
Xholl

1805

AAA-3'-t-PA gene 
(pWP42)

- Hgal, isolate 515 pb
- Poll, Klenow
- Subclone in Smal 

cut pUC13
- BamHI + Narl
- Isolate 434bp

-Xholl, isolate 1618bp 
-Poll, Klenow
- Add Sail linker
- Digest with Sal I
- Amplify in pUC13
- BamHI + Narl
- Isolate 1288bp

BamHI 434bp Nar' 1288bp BamHI

BamHI

FIG. 3
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1531 Mst 11
Pstl

Pst
112 ScrFl 
333 Ncol 

354 ScrFl 
439 Pstl

- Cut with Pst 1, isolate 400bp
- Cut with ScrFl, isolate 242bp
- Fill in with Klenow
- Add linker with Sal 1 end

-20 -15
Met Arg Ala Leu Leu Ala Arq

TCGAC ATG AGA GCC CTG CTG GCG CGC 
G TAC TCT CGG GAC GAC CGC GCG

-10
Leu Leu Leu Cys Val
CTG CTT CTC TGC GTCC
GAC GAA GAG ACG CAGG

- Neo 1 +Mst 11
- Isolate 1198bp
- Fill in with Klenow
- Subclone in Smal/pUC13
- Cut with Ncol + Sail 
-Isolate 1200 bp

- Subclone in Sal l/pUC13
- Sail + Ncol
- Isolate 260bp

FIG. 4
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PREPARATION OF TRIS-KR INGLE PA OF FIGURE (la)

ΐ
t

/:

-EcoRl + Mstl 
-Isolate 452bp

ptPBM-1
I

- cut with Ava II
- Prepare 354bp as described in Fig. 7.

Narl

A ATT- - - - - - - - - - - - - - - - - - - - - - - - TGC ACG·

1819bp

FIG. 5
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I
1 ACCTTAAGGT’5' ATAC------------------------------------------------

1ι

{
j
ί
I
i

51v

- T4 DNA ligase
- Cut with EcoRl
- isolate 340 bp

AATTCC^TATG ------------------------------
GGTATAC------------------------------TTAA

Ndel
.- Subclone in EcoRl/pUC13 

. - Screen clones for Ndel site
- Digest with Ndel and Mstl 

,, isolate 246 bp1
TA

246bp

TGC
ACG

FIG. 6
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PREPARATION OF TRIS-KRINGLE PA OF FIG. (lb)

■ CCG
5'-AATT

GGCCACC TGC 

G TGG ACGAT
♦

Asul Ndel

+ Ligase
- cut with EcoRl
- isolate 394bp fragment

- Cut with AvaH
- Isolate 747 bp — tPA—-
- Ligate to linker 92 93 94

Ser Glu Qly Asn Ser Asp Qys Tyr Glu
5' -AGC GAG GGC AAC TCC GAC TGC TAC GAG

TCG CTC CCG TTG AGG CTG ACG ATG CTC CTG-5'

t
- Cut with EcoRl Avail
-Isolate 354bp

5'-AATT------------------------------------------- ta----------------------------------------------------tgc AGC-----------------------------------------------
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PREPARATION OFTRIS-KRINGLE PA OF FIG. lid

j

I

ί

T

1

i J

■ t
T

i
1

i
j

Hgal, isolate 400 pb
Add linker

Ser Glu Gly Asn Ser Asp Cys
TGCTCC GAG GGC AAC TCC GAC TGC

* G CTC CCG TTG AGG CTG ACG AJ
Hgal Ndel

Ligate with UKK and Rsal fragment 
EcoRl

-------------------------------------- TA-------------------------------TGC

- Rsal, isolate 501 bp
- Add oligomer linker

262 268 
Ser Thr Cvs Va! Leu Are Gin 
TCC ACC TGC GTC CTG AGA CAG T 
AGG TGG ACG CAG GAC TCT GTC A

262
Ser EcoRl

TCC---------------------------------------------

¢1 a a a

FIG· θ
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TRIS-KRINGLE PA OF FIG. (1a).

έ> 110 i/%£

1 11 21 31 41 51
GGATCCTCGACATGflGACCCCTGCTGGCCCGCCTGCTTCTCrGCGTCCTGGTCGTGAGCG

MetArgfl1 aLeuLeuRI aflrgL>uL»uL«uCpsVal LeuValValStrflap "

61 71 81 91 181 111
ACTCCflflAGCCAGCAATGflACTTCATCRflGTTCCATCGRflCTGTGACTCTCTflAATGGRG 

StrLysG 1 uSii'flsnG 1 uLeuH i iC 1 nVal ProSerRsnCysfltpCysLeufltnGlyGly

121 131 141 151 161 171
GAACATGTGTGTCCflACAflCTACTTCTCCflflCATTCACTGGTGCAACTGCCCRflflGAflRT 

ThrCysValjSerflanLysTprPheSerflsn11 eH i i.TrpCysflariCpaProLysLysPh»

181 191 2G1 211 221 231
TCGGAGGGCAGCACTGTGAAHTAGATAAGTCAAAAACCTGCTRTGAGGGGARTGGTCACT 

G1 yGI yG 1 nH i sCpsG lu 11 «AspLyiSet Lys-Thr CysTyrG 1 i.iG I yfls nG I pH i iPhe

241 251 261 271 281 291
TTTACCGAGGAAflGGCCflGCflCTGflCflCCATGGGCCCGCCCTGCCTGCCCTGGAflCTCTC  

TyrflrgC 1 pLysfl 1 aSei'ThrRs pTht-Nc t G I yAr gproCysLeuP.roTrpflsnSi-rR 1 a

381 311 321 331 341 351
CCRCTGTCCTTCRGCRfiflCGTRCCATCCCCACfiGRTCIGATGCTCTTCAGCTGGGCCTGG 

ThrVal L«uG I riG 1 nThrTyrH i sR 1 aH i s Ri-gSer RspR 1 aLeuG 1 nLe uG 1 yLeuG 1 y

361 371 3ei 391 481 411
GGflAACflTAATTACTGCflGGAACCCAGACAACCGGACGCGACCCTGGTGCTATGTGCAGG 

LysHi »AsnTyrCysfirgA=nproAipAsnRrgArgArgProTrpCyiTyrValGlnVal

421 431 441 451 461 471
TGGGCCTAARGCCGCTTGTCCflAGflGTGCATGGTGCATGACTGCAGCGAGGGCAACTCCG 

GlyLtuLyaProLeuVal G1 nGI uCyallet Val Η l sflapCysSerC I uC I yflsnSePRtpi

481 491 581 511 521 531
ACTGCTACGAGGACCAGGGCATCAGCTACAGGGGCACGTGGAGCACAGCGGAGAGTGGCG 

CysTyrG 1 uRspG 1 nG 1 y I 1 eSer Tyr-ArgG 1 yThrTrpSe rThrfl 1 aG 1 uSerG 1 yA 1 a

341 551 561 571 581 591
CCGAGTGCACCRACTGGAACAGCAGCGCGTTGGCCCAGAAGCCCTACAGCGGGCGGAGGC  

GIuCysThrAsnTrpAsnSe rS« rA1aLeufl1aG1 nLysProTyrSerGI yflrgArgPro

681 611 621 631 641 651
CAGACGCCATCAGGCTGGGCCTGGGGAACCACAACTACTGCAGARACCCAGATCGAGACT  

AspAlalleArgLeuGlyLeuGiyAinHi £AinTyrCysflrgA*nProA*pflrgAspS*r

661 671 681 691 781 711
CAAAGCCCTG'GTGCTACGTCTTTAAGGCGGGGAAGTACAGCTCAGAGTTCT.GCAGCACCC 

LysProTrpCyi Tyr Val phi Lys fl 1 aG I yLys'f yrS.erStrG 1 uPheCysSerThrPro

721 731 741 751 761 771
CTGCCTGCTCTGAGGGAAACAGTGACTGCTACTTTGGCAATGGGTCAGCGTACCGTGGCA 

fl 1 aCysSerG 1 uGl yfis-nSer AipCys.TyrPhaG 1 yflanC 1 ySerfl I aTyrflrgGlyThr

781 791 881 811 821 831
CGCflCRGCCTCfiCCGAGTCGGCTGCCTCCTGCCTCCCGTGGfifiTTCCRTGATCCTGflTRG 

H iiStrLeuThrG1uSerG1yfllaScrCv»LeuProTrpA»pSerMetIleLcuIlcGly

841 851 861 871 881 891
GCAAGGTTTACACAGCRCACAACCCCAGTGCCCAGCCACTCGCCCTGGGCAflflCATAATT

LysValTyrThrfllaGlnRsnPri3SerfllaGlnfll<aLeuClyLeijGlyLysHi*A>nTyr

FIG. 9
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Exempl* A (continued)

901 911 921 931 941 931
ACTGCCGGAATCCTGATG60GATG«AAG«eTC6TG«ACGTGG TCAAGAAGCCCAGGG

Cy»ArgA»nPrcA»pGlyAlpAI *ly»Pr6Trpf}»iHHV*ll.*ul.y»0*rt0r9Ai*9t,tu

961 921 901 991 1001 1011
TGACGTGGCAGTnCTGTGATGTGCtGTCCTGCTGCAGGTGCGGGCTCAGACAGTAGACCC

ThnTrpGluTyr'CyeAepVklProOerCyiSerThrGyiGlyl.tMAr'jGlnTyiOet'GIh

1021 1031 1041 1031 10«! 1021
ACCCTCAGTTTGGCATCAAAGCAGCGCTCTTCGCGGAGAKCCCTCCiAGGGGTGGCPCG

ProGlnPheflroI leLyiClyClyLeuPheAI *A»pI left! *terMi»ProTrpGlnAI*

1001 1091 1101 III! 1121 1131
CTCCCnTCTTTCCCAAGGACA6GACGTCGC«CGAGACGCGTKCT6T6iCCGG6GATAG

01*1 lePheOl «.yiHiiAroAroCurPreGlyGluAPoPheMuiyiGlyClyllel.eu

ii4i nst net 1121 not 1191 
TCOTCAGCTCGTGCTGGATTCTGTCTCCGCCCGACiCCTTCCAGGAGAGGTTTGCCCCCC

11 *OerOerCy*Trpl 1 «VeuSerAI *01 Hit iGyiPheGlnGhiOpflPheProProHl»

1201 1211 1221 1231 1241 1231
flCeOCCTCOCGGTCOTCTTGGCCOCflOGOTOGeCCCTCGTGCGtCeGCOGGOCGflCGOGO

HHteuThrV*! H«l.«uCly0p')ThPtvr0r'9V*IV*tPPoGlyGlueiuGlueinl.y»

106» 1221 1201 1291 1301 1311
flOTTTCOOCTCCOOOOOTOeOTTCTtGOTOAGGOOTlGGftTCftTCOGAGTTOGGOeOOTG

Ph»61uV*IGluLy»T$>i'll«V*IHi»t.y*5lyPh»0»p0»pftipTKrTyr0ip0*n0»p

1321 1331 1341 1331 1361 1321
ocattccgctcgtgcoggtcaaatccgattcctcccggtctggccagsagaccagcgtgc

He01*Ueul,«ueinl.*ul.y»iiPOipBepOerOrOeyi01*GlnCluSep3ePV*tV*t

1301 1391 1401 1411 1421 1431
TCCGeoCteTCtCCGTTeeeceeGCCGAGGtCGOGGteGeGGOGTGGOGGGOGtGTGOGG

Oi'flthrVilCyH.ewProPPoOUOipl.euGlnleuProOipTi’pIhi’ChiGyeeiul.iu

1441 1451 1461 1421 1401 1491
tCTeCCGCtACCGCAAGiOTGAGGiCnGKTGGnTGTAtKGeAGCCGCtGAAGGAGG

OerGlyTyrGlyLyiHueiuftl ueu4«pPFOPheTyp0«pfilu0r9l.*ul»>»»Glu01 *

».301 1511 1S21 1331 1841 1831
GTCOTeTcoeoctetoceeftfGeoeeeeiieeoeMcfivflocofTtOGtTooeocooeoG

Hl »V*1 Oi'GttutypPPOitPliPOfjCuiiTOp 9<r 61 nm iUnUiiOinOroThrv*!

1861 1821 1831 1891 1601 16H
KocceftcoototGGiGTGteciecoioeoeTGccoGeGeGGeGeGeeoGGGoooeitce

ThrOepOinMiUeuCi'lftl iGluOiplhr AroiepGb'Sf'ProGInAl aOinLeullu

1621 1631 1641 16S1 1661 1621
occoceecieGeoGececAnecceoecccceeKGTGiefGreooeGorecceeeoTeo

0tp0l*Cyiein61vA»p6»pGlyGlyPPOl,iitV*liyil.<u0inAipGlyAP9H»lThr>

1601 1691 1201 1211 1221 1231
CTTtceteeecotcAteAeeteeecccTeGGcteieGoeACAOGeoTefeGCGGeTeTet

L«uVMeiyIl«lle«»rlPpS»!>l.»uSlyeyiG»sieinl.yiA»pV*IPPoGlvV*lTyp

1241 1281 1261 1221 1201 1291
ACACAOACeTlAeeOAetACetAGAVtCGAlieCtGAiAAiATGGCACeClCACeACeOA

IhrUyiV*» thr AmlypttuAipIrpl HftroAipAinlld Απ}Ρ>>ο160

1001 toil 1021 1031
Mie«Aetee!iArtooeeArtAtGAGATe«eotee

FIG. 9a
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TRIS-KRINGLE PA OF FIG, (lb).

I 11 21 31 41 51 ,ρλ
CGATCCAGCAATCATGCATCCAATCAAGAGHGGGCtCTGCTGTGTGfTGCTGCTGTGTCG ei2,.i„„,iJi

M« t Aipft I olltl LyiflfgGi yL»uCyiCyiV*l UuUultuCyeGly 5[»nal ΡβΡιιαο

¢1 71 81 91 101 111
AGCACTCTTCGTTTCGCCCftCCCAGGAAATCCATGCCCGATTCAGAAGftGGAGCCAGftTC 

81 *VtlPh«V*IS«rPP08»rCI r.Glul I «Hl «ft 1 «ftnaPhi Argfii· gGl yftl «ArgStr

121 131 141 151 161 171
TTACGflAGTGftTCTCGACACftTGAAftAAftiCCftGATGATATACCAGCAftCA'fCftGTCATG  
TyrGlnV*! 11 *Cy iMr*i3fupC HiLyi Thr 61 nll< ι11 «TyrCl nGI nHt iiCI n$»rTi“p

Ι0Ϊ 191 201 211 221 231
GCTGCGGCCTGTCCT0AGftAGCAAC6GCGT6CftftTATT6CTGGTGCAACAG'fGGCAGGGC 

UMAroProV* I U«ufli'9S4 rftinAt'ijVAIG1 uTyrCy*Tt'pCyi flinStrC I yArgft I 4

241 2St 261 271 201 291
AGAGTGGCACTCACTCCCTGTCAAfiAGTTGCAGCGAGCCAAGGTCTTTCAACCGCGGCAC 

ClnCi»‘Hl*S«rV»IPr0V*llty»i»iCy»$*rGhiP»‘oAr'9Cy»Ph4fl«nGl yClyThr

301 311 321 331 341 351
CTCCCAGCAGCCCCTGTACTTiTCAChnTCCIGTGCCftGTGCCCCGftAGGATTTGCTGG 

Cy4GlnGlnAljkU<i.ir'irPhM$»rri»|)Ph<',MG>>iGlh4y»Pr'«GluGlyPh<A) »G 1 y

361 371 981 391 401 411
GftAGTGCTCTGAAATAGATACiAGGGCCACGTGCTATCAGCGGAATGCTCACTTTTACCG

l,y»Cy»ey»GIul 1 Hrftrsftl *Thr,CM*TyrC luC I vA*r»Gl vH I»Ph»TwAra
----------------- ------ ~~--------

421 431 441 451 461 471
ACGAAACCCCAGCA6TGACACCATCGGiGCG(CCrG0GTGCGCTCGAACTCTGGCACrCT UK Krlrwle 
6lyj.ytAl«8«i,ThrAtpthrH«i»4lyAr0Pr0C''il.«uPp0TitpAt4S«PAl oThrVtl oe GO—>131

481 491 501 511 521 531
CCTTCAGCftAACGTAeCATCWAGACATCTGAtGCKtTeACCTGCCGCTGSGCAftAGA 

U «uC 1 nG I nThrT yi*H uftl Mt it Ar 9 i«r fttpft I M.< mC1nl< uC I jiltuC 1 yly «Η1»

541 551 561 571 581 591
fAAftACtCGftCGAAiCCAGACAAGCGGAGGGGACCCrGGTGCiATGTCCAGGTCGGCCT 

ft t ft t y i*Cy t ft rq A » nPr a A « p ft t rlArqArqftrqPrPTrpCyttyrV»! ClnVftl Cl yt.«u

601 <11 621 631 641 651
AAAGCCeCTTGtGGAACAGTGtAtGGteGfttGAGTGGAGCGAGGGGAACTCCCAGTGCTA
...tV±Pp017-kV*}Bl»GlM6, <tl*LV>lHi4ftip£;,<[8«4GluClyAtn9ti>A>pCytTyp Hexapeptlde
6<1 671 6fll 69» 131 701 Linker 711 Unkir

GGAGGACCACGCCAKAGCf AGACCGGCA66TG6ftCiftl.HGG66ftGAGtGGGCi5C6A6TG
C luftipG 1 hCl y I liierTyrArqGlyThrtrpSerfhrAl*CluS«rGlyAIeGluCy*

721 731 74» 751 761 771
CACGAA6TC6AAGAGGAGGGGGTTGGGGCAGAAGCCGTAGAGCGGGCGGAGGGCAGACG6

thrAintrpftinSerierAlel.iuAliGlhl.yiProfyrSerClyArqAriProAipAle

781 791 801 011 821 831
Cft»efteeetGCG66TeiCeAA6GAiftAerAetiCfteAAACeCft6AfCGftGAGTeAAACCC

IWftrqteuSlyUuGlvAiHMiiftittfyrGylAt 3An'PpoAipAreA»p4erl.y»Pre

841 85» 861 671 GOi 891
etGereetfteetcntAAGeeeGGGAAGtfteAeeteftSftGtTU'GCAGeAccccTGccTS

TrpCy»TyrVilPMl.yiA»M,lyi.y»lyr8«i‘8*i»6lu7H«GyiS<r'ThrPr0ftt»Cy*

FIG. 10
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j Example B (continued)

Ml 911 921 931 941 951
] CTCTGAGGGAAACAGTGRC TGC TAC TTTCGCAATCGCTCAGCC TACCCTGCCACG6ACAG
j S«rGl uC) yA»nS«hAipC>n ryi'Ph«GI pA»nCI pS«rAI kTp»'A»'>aCI pThrHi i$«r

j 9«I 971 901 991 1001 1011
j CCTCACCGAGTCGGGTGCCTCCTGCCTCCCCTCGAATTCCATCATCCTGATACGCAAGGT
J L«uThrGIuS»rG1pAI*S«rCp»L«uProTrpA*nS·rM« V1 I «Leu 11 »GlpLp*V*l

j 1021 1031 1041 1051 1061 1071
TTACACAGCACAGAACCCCAGTGCCCACCCACTCGGCCTGGGCAAACATAATTACTGCCG
TprThrAI*C)nA*nProS«rAI*GI nA I*L«uGIpL»uGIpLptHιsA»bTprCp»Arg

1081 1091 1101 llll 1121 1131
GAATCCTGATGGGGATCCCAACCCCTCGTGCCACGTGCTGAAGAACCGGACGCTCACGTC

A»nProR»pGlpR*pAl *L><*Pi'oTi'pCp«Hi »V*IL*uLpiAinArgRrgL«uThrTi*p

1141 list 1161 117) 1181 1191
GGAGTACTGTGATGTGCCCTCCTGCTCCACCTGCGGCCTGAGACACTACAGCCAGCCTCA

GI uTprCp» A»pV*lProS«rCp»S<rThrCpiG) pL»uArgC I nTpi'SirG I nPreG I n

1201 1211 1221 1231 124) 1231
GTTTCGCATCAAAGGAGGGCTCTTCCCCCACATCGCCTCCCACCCCTCGCAGGCTGCCAT

j PheArgl l«Lp»GtpGlpL4uPh«AI *A»pl I«AI *S«rHI«ProTrpGlbAI*AI *11«

{ 1261 1271 1281 1291 1301 1311
{ CTTTGCCAAGCACAGCAGGTCGCCCGGAGAGCGGTTCCTGTGCGGGGGCATACTCATCAG
j Ph· AI *Lp»HI »ArgArgS»i'ProG)pGluArgPb«L«uCp4ClpGlpI 1 «Ltui I «S«i*

• 1321 1331 1341 1351 136) 1371
i CTCCTGCTGGATTCTCrCTGCCGCCCACTGCTTCCAGGAGACGTTTCCGCCCCACCACCT
j S«rCp»TrpI l«L«uS<rAI *AI *HIiCpiPhiGthGIuArgPb«ProPr«HliHliLlu

1381 1391 1401 141) 1421 1431
GftCGGTGATCTTCGGCAGAAfATACCGGGTGCTCCCTCGCGAGGAGGAGCAGAAATTIGA

ThrV*l I l«l.«uG)pArgTht‘Tpi*ArgV*l V*lPrgGlpGluGluClMGlhLp*Ph4C)u

1441 1431 1461 1471 1481 1491
AGTCGAAAAATACATTGTCCATAACGAATTCGATGATGACACTTACGACAATGACATTGC

I V*lGIuLpjTyrlI»V*IHiiLpiCIuPh<AjpAipAtpThrTprAipAlnAip1I«ΑI*

’ 1501 1511 1521 1531 1541 1551

i gctgctccagctgaaatcggattcgtcmgctgtgcccaggagagcaccctcgtcgccac
! L«uL»uG)nL«uLy»S«rfitp5«i‘$«hAi'gCv*AI iGlbClu'Siriei'VklViil ArgThb

I 1581 1371 1581 1591 1801 1811
I TCTGTGCCTTCCCCCGCCGGACCTCCAGCTCCCGGACTCGACGCAGTGTGAGCTCTCCCC

V*lCpiLtuPrOProAl kAjpteuCIbLtuPi'CiAipTi'pThrGluCviGluLiuitbGlv

1821 1631 1641 1631 1661 1671
CTACCGCAAGCATGAGSCCTtGTCTCCTTTCTATTCCGACCGGCTGAACGACGCTCATGT

TyrGlyLyiHl *G)uAI *L«uS«i'PrePb»Tpr®»»,GluArgL«uLy*CluAl*Hi »V*1

1691 1691 1701 1711 1721 1731
CACACTGTACCCATCCACCiCCTGCACATCACAACATTTACTTAACACAACAGTCACCGA 
Ar^MuTyhPrgStritrfti gCyirhr'Sii’GlbHt iL«uL«uAjnArgfhrM*lThrft»p

1741 1731 1761 1771 1701 1791
CAACAtGCTGTGTGCTGGACAtAiKCCACCCGCGGCCCCCACGCAAACTTGCAiCACGC 
AtnN«iUuGy»Al*Gl vAjpTh» ArgS«i 6lpGlpPr0ClnAl*A*hL«uHltA»pAl *

1801 1611 1621 1631 1641 1631
GTGCCAGCGCCATTCGGGACeGGGCGTGGTCTCTCTCAAiGATGGCCCCATCACTTTGGt
£ptCln6lyA*pS«('Gly6lpPhgL«uV*ltptL«uAihA»pGlpAi,gM«tih('L#uVH

1661 1621 1061 1891 1901 1911
CGG£AT£AT£AG£TCGGG££TCCGCTGtGGACAGAAGGAtCTCC£GGGTCTGTA£A£AAA 

Cl p 1 l4ll«S«hTispGlpt«uGlp£piGlpGlhLp»A»pVilPheGlpVilTpcThrLp»

1921 1931 1941 1951 1961 1971
GCftA££AA£lA££TA£A£TCCATT£6TGA£AA£AT6£GA££GTCA££AG6AA£Afi££GA 

VelThrAinT($rt,<uAipTrpl W ArgAipAmHO ApgProfEfc
B2?

FIG.1961 1991 2001
£K£t£AAAA6£AAAtCAGAK£CCAf££ 10a
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TRIS-KRINGLE PA OF FIG. (lc).

i
I

ί
i
f

t
ί

1 II 21 31 41 51
CGfiTCCRGCfifiTCATGGRTGCRRTGflRGRGRGGGCTCTGCTGTGTGCTGCTGCTGTGTGG tPA Signal peptide 

M.tRtpfl) >M«t Ly iRpgG 1 yL<UCy»CytV*l L«i,iLtuL»uCytG 1 y 35 a,a,

6Ϊ 71 81 91 101 111
flGCRGTCTTCGTTTCGCCCRGCCflCGflflRTCCflTGCCCGflTTCRGflflGAGGflGCCRGRTC 

R1 >V>1 Ph«V>l S«ppp&SgpG I nC'u I 1tHI iRI &RpgPh>RpgRpgGIyRlaRpg êp

121 131 141 151 161 171
TTRCC.RflGTGRTCTGCRGflGRTGRflRfiRflCGCRGRTGRTRTRCCRGCflflCRTCflGTCflTC 

Type) nV*l 11 «CyiApgAipCl uLysThpGI nlUt I1 *TypC|nGlnHi »GI nSerTrp

181 191 281 211 221 231
GCTGCGCCCTGTGCTCRGflflGCRRCCGGGTGGRRTRJTGCTGGTGCRRCflGTGGCflGGGC 

L«ufipgPpoV*ll.»ufipgStpfl*nfipgV*)G)uTypCyiTppCyifl»nS»pGlyfipgfll *

241 251 261 271 281 291
RCRGTGCCRCTCflGTGCCTCTCflRHRGTTGCRGCGRGCCARGGTGTTTCflflCGGGCGCRC 

GlnCyiHI »StpV»IPpoV*llytSerCy»S»pGluPpoflpgCy*Ph»fi»nGIyGlyThP

301 311 321 331 341 351
CTGCCRGCRGGCCCTGTRCTTCTCRGRTTTCGTGTGCCRGTGCCCCGRRGGflTTTGCTGG

Cy»GlnGlnA)*L»uTypPh»S»pR»pPh»V»ICy»GtnCy*PPoG)uGlyPh»fll*Gly

36.1 371 381 391 401 41 1
GRflGTGC.TGTGflflflTfiGRTRCCRGGGCCRCGTGCTflCCflGCflC'CflGGCCflTCRGCTRCflG
Ly*Cy»Cy»Glul1»RipThrfirgfiIaThrCyiTyrC HiAipGInGlyIIrStpTypRpg

42» 431 441 451 461 471
GGGCRCGTCGflGCfiCRGCCGRGRGTGGCGCCGRGTCCRCCflflCTCCflflCflGCflGCGCGTT

GlyThpTppStpThpfll*G1mS*pGIyRl*CluCy»ThpA*nTppfl»nS*pStpfil*L»u

401 491 SOI 511 521 531
GGCCCRGRflGCCCIRCflGCGGGCGGRGGCCRGflCGCCRTCRGGCTGGGCCTGGGGflflCCR

Rl*GlpLy*PpoTypS»pClyRpgRpgPpoRepfll itl«Rpgl»uGlyL»uGlyfl»nH1*

541 5.51 561 571 581 591
CflRCTRCTCCflCflflflCCCflGRTCCRGRCTCflRRGCCCTGGTGCTflCGTCTTTRRCGCGGG
R*nTypCy*flpgR»nProRipflP9fl*pS»pLy*PpoTppCy*Tyi'V»ilPhtLyjRl *cl y

601 611 621 631 641 651
GRRGTRCRGCTCRGAGTTCTCCflGCACCCCTGCCTGCTCTGflGCCflflRCRGTGRCTGGTR

Ly»TypS«pS»pGluPh«Cy*6<pTht'PP0fil »Cyi$«PGluGI yfl»nS»pfi»pCy»Typ

661 67,1 681 691 701 71 1
CTTTGGCRRTGGCTCRGCCTflCCGTGGCflCGCRCRGCCTCflCCGRGTCGGGTGCCTCCTG

Ph»G|yfl»r>GlyS«pfll aTypRpgGlyThpHt *StPl»uThpG)uS«pGlyfll *S»pCy»

721 731 741 751 761 771
CCTCCCCTCCflflTTCCRTGRTCCTGRTRGGCRAGGlTTRCRCRCCflCRCflflCCCCflGfGC
L»uPpoTppAinS»pM»tIl»L»ulleGlyUy»V*tiypThpRI*Glnfl«nPpoS*pfll*

781 791 801 811 821 831
CCflGGCflCTGGGCCTGGGCRARCflTflflTTftCTGCCGGfiRTCCTGRTGGGGflTCCCflRGCC

GIpRl*L»uGlyU»uGlyLy»HI»R*nTypCy»RpgR»pPpoR»pGlyR«pRl*Lytppo

841 851 8'61 871 881 891
CTCGTCCCRCGTeCTGARGRRCCCCRGCCTCACGTGGCRGTfiCTGTCRTGTGCCCTCCTG

TPpCytHI *V*U,»uLy»A»nRpoRpgL»uThrTppGluTypGy*A»pV*tPr’<sS«rCy»

FIG. II
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Example C (continued)

901 911 921 931 991 951
CTeeanGGOCnnCTCXGnCTGC'rriTCftGGGGAATGGTCACT'ITTRCCCRGGAAnGGCCftG

S»rGIuGIyAinSi rAspCyiTyrCIuCIyflinGI pHi »Ph·TyrArgGIyLp«AI »S«r Hexapeptide linker 
'50

961 971 981 991 1001 1011
CACTGRCACCATGGGCCGGCCCTGCCTCCCCTGGAACTGTGCCACTGTCtTTCACCAAAC

ThrAepThrM*t GI pArgProCp«L<uProTrpAinStrAl tThi-Vil L»uG I nGInThr UK Kringle
. a.a, 50-131

1021 1031 1041 1051 1061 1071
GTACCATGCCCACAGATOTCATGCTCTTCAGCTGGGCCTGGGGAAACATAATTACTGCAC

TprHI»RI»HI »AngS«rRipRI xl«uC I nL.uGl pLtuGl pLpiHuAtnTyrCptRrg

tool 1091 1101 1111 1121 1131
gaacccagacaaccggaggcgaccctggtgctatgtgcaggtgggcctaaagccgcttgt

RtnProAipA»nRi-gArgArgPraTi'pCpiTprV»ICInValGlpl.«uLptPpoL»uV*l

1141 1151 H6I 1171 1101 1191
CCAAGAGTGCATGGTGCATGAGTGCTCCACCTGCGGCCTGAGACAGTACAGCCAGCCTCA

GlnGluCpH-HtVklHUAipCpi.SinThrCpiGIpLeuArgClnTpnSei'GInPnaGIn 
131 262

1201 1211 1221 1231 1241 1251
GTTTCGCATCAAAGGAGGGCTCTTCGCCGACATCGCCTCCCACCCCTCGCAGGCTGCCAT

PheRrgl 1 «LptGI pGI plauPheAl »A»pI1«ΑΙ »S«rHI eProTrpGInAI *AI*11 ♦

1261 1271 1201 1291 1301 1311
CTTTGCCAAGCACAGGAGGTCGCCCGGAGAGCGGTTGCTGTGCCGGCGCATACTCATCAG

PheAl »Lp»HI »ArgArgS«nPraGlpGluArgPli»LeuCp*G1pGl><I leLeuIIeSer

1321 1331 1341 1351 1361 1371
CTCCTGCTGGATTCTCTCTGCCGCOCACTGCTTCCAGCAGAGGTTTCCGCCCCACCRCCT

SerCpeTrpI leteuSerAl*Ai »Hl «CpePheG I nG I uArgPheProPreHl »H1 »Le.u

1301 1391 1401 1411 1421 1431
GACGGTGATCTTGCGCAGAACATACCGGGTGGTCCCTGGCGAGGAGGAGCAGAAATTTGA

ThrVel I l«LeuGlpAi'gThnTpi'Ai'gV*lVklPraGlpCluGluGluGlnLp»PheGlu

1441 1451 1461 1471 1481 1491
ACICGAAAAATACATTGTCCATAAGGAATrCGATGATGACACTTACGACAATGRCATTCC

V»IGluLp»TprI1»V*IHI»Lp»C1uPheAepAepAipThrTprAepAenAepII»AI*

1581 IStl IS2I 1531 1541 1551
GCTGCTGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAGAGCAGCGTGGTCCGCAC 

LeuL»uG1nLeuLp»S<rA»pSen$ei’ArgCp»AI*GlnGlu3erS»rV»lV»lArgThn

1961 1571 1501 1591 1601 1611
TGTGTGCCTTCCCCCGGCGGACCTGCAGClfGCCGGRCTGGACGGAGTGTGAGCTCTCCGG 
V»ICp»leuProProAI«A»pLeuGlnLeuPraA»pTrpThrGluCy»GluLeuS«rGlp

1621 1631 1641 165* 1661 1671
GTACGGCAAGCOTGAGGCCTTGTCICCTTTGTATTCGGAGCGGCTGAAGGACGCTCHTGT
TprGIpLpjHI iGluAI kl_«uStrPraPheTyrS.rGI uArgLeuLp.GI uAl *HI »V*I

1601 1691 1701 1711 172( 1731
CAGpCTGTACCCATCCAGCCGCTGCACATCACAACATTTACTTRACAGAACAGTCACCGA
ArgL»uTprPneS»i'SerArgCpeThp8«rGlnH(»l.eul.euAenApgThrVelThrA*p

1741 1751 1761 1771 1781 1791
CAACATGCTGTGTGCTGGAGACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACGC

AinHttLeuCpeAlRGIpAepThrAngSerGIpGIpPraGInAI*A«nL»u"l»A»pAI*

1801 1011 1021 1031 1841 1851
CTGCCAGGGCCATTCGGCAGGCCCCCTGGTGIGTCTGAACGATGGCCGCATGACTTTGGT 

Cp»GlnGlpA»p3ei'GlvG1yPpal.eu9*lCp»LeuA»nft»pGlpArgMetThpLeuV»1

1861 1871 1081 1891 1981 1911
GGGCATCATCAGCTGGGGCCTGGCCtCTGGACAGAAGCnTGTCCCGGGTGTGTACACAAA
Glpl I el le8erTrpGlpl.euGlpCpeGlpGlnl.p»A»pV*IPi-eGlpV»t TyrThrlp»

1921 1931 1941 1951 1961 1971
GGtlACCAACTACCTACACTCCATICCtGnCAACATGCGACCGTGACCAGGAACACCCGA

V»17hrA«nTprt.»uA»plppl 1»ArgA«pAinM4tfti‘gProTER

1981 1991 2001
CRCTCAAAAGCAAATGAGATCCGGATcC

FIG. Ila
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Aval Aval

284~Γ
Cys
65

1990
Cys
248

pPTR

-Aval, isolate 706 pb
- Bal 31, remove ~38bp from ends
- Ligate to linker

GGAATTCC
-EcoRI, isolate 630 bp

- BamHI
- Bal 31, to remove 826 bp from ends
- Add linker, 5'-CGCAGAATTCTGCG-3' 
-EcoRI, isolate 546bp
- Subclone in EcoRl/pUC13
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- Mstll + Fspl
- Isolate 546 bp 248

cys.
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TETRA-KRINGLE PA OF FIG, (ldl,

67
Glu

AATTL.

248
Cys

-TGC AGC-

FIG. 13
/fertlF'r f

a
4 ι

itc
* ::
4 ς 
4 <­
t t* δ ·.

i I 
»
a
a a

► a 
• a• ·

« I



r
«#>*■*·s

A. EXPRESSION VECTOR: Hybrid A
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pML-2 

(2.7 kb)

B. EXPRESSION VECTOR: Hybrid B
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